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(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that 
coercive force and square ratio in a hard bias layer and 
stability in a bias magnetic field are reduced when the 
hard bias layer is thinned although the hard bias layer 
has to be thinned for obtaining sufficient reproduction 
sensitivity when reproduction track width becomes 
narrow in the conventional magnetic detection element. 
SOLUTION: A second hard bias layer 42 is laminated at 
a position apart from a multilayer film T on a thin first 
hard bias layer 40 by specific distance. 
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[»*Ji 1 ] SSSJttB. fIIHS5t«ttH k 
B£Wf<5£BISi£. MIE7'J-«ttB(Oia^lR]*- 

U&E/n-K/WTXBI*. «trl5^BKffl']<0fflJ5A^ lWE 

Gfl®£3MIte##A^*&'WTXTifeB£ttLTttra 10 
UT^-Sm 1 /\— K/WTXBt, MESS 1 /\— K/W 
7X0)±B£fcl*TBWl:&8L.-CiJIB£*U ffiTE$B 

Kfi!i©fi(i®A<ffiK^iiiaa)fl'j®A^BfSffi«t)tt*Lfc{ae 

fIES5 2/\— K/WTXBaJKBtf^tfBl^HtfcJll 1 E 

mmo&mtmts.-p'j—m^tmommk^ #Btt*m* 20 

6.&4ISJ51 nmBLTffl/WTXTlftB*^LT«lRlL 
Tt**B**1 fcfc^EBOMMRBtMtff-. 

tfrESS 2 / \— K/ W 7 Xl±fl)tt «D«« £ -5 &S 
BA^Jt**x-5i»*« 1 fcl^L 3 «Hvf*l*M::E««>« 

BtttBS?. 

5 ] ffjE^BIS&tfllirE/N- K/W 7X1 

±l=»B4*i*lft»tt#a*&ft*T»**v?B±l= 
*B**U UTEfrBBXlrtMB/x— K/WT*B±I=I* 30 
<6JStt»»A^&ft4±»^f-Vf ^Bi:. EE±8Mf*? 
^B±l=«B*ih.4att*t»fr6ft*±»S/-il,KB*< 

MESS 1 /s— K/W 7X1 tffiESS 2/\- K/W7X1 
<D5*>. «E*1A- K/W7Xl©#iIft*ia*l: 
fclt-5ffIE±»*>-^ KBiffiETfiPS/— ;u KBWKOffi 
«£G l s, nrE*BKa*ft&Btt4ttB.I=J3l*«1lir 
E-t» ->-JU KB JrBETW-5'- iUKBMOEBtG I 

KTEG I skG I cQKDl^. atSHtfcbSS^rolSSft h 40 

1 l 3 ©^rjh-JbM-Ettroasi&aiSi^-e 

[«3RB6] iE*lA-K/W7XBi|»ES2/\ 
- K/W7XB«>3t>» ItTEmi/N— K/W77IO* 
£ Stt * -a THrE*6«B tI4b <CL->fH*l=fc 

It*. «TE±«Pv-^ KBtWETBS'-iU KBWfflffi 
B£G I s. «TE^BM«)**iBft*&Bl=fclt4E 
E±»5^-^UKB2:inET»*>-^KBm©fi«tG I 
otLlttttz. 

EEG I si: G I cOfrolS. fflEStfttUm^roSISi h 50 



7*v^itSA<0. 1 7/Bmfcfc*«iaTI=RJM-*IMl« 
4 fzEttattfttttiift?-. 

[»*3S7] ffFEG I s t«TEG I c(D<££. G I c 
-2 0 nmgG I s^G I c + 9 O nm^UfctlSil: 

[W#Jg8] EEG I stUEG I c(0fii£. O. 6 

7^gis/gic^2. so&m--rmwiz&%.-rz> 
5 tjn\ l 7 ©i^rjh.AMcEtstDiisiB&tiisfe^o 

[W*3S9] 1WEG I s irffJEG I c©l$, G I s 
>GI ct-r*»*JS5*^L8^-r*l*M=EK©»ft 

[RM10] ffJEG I sifltTEG I effilf. G I 
s=G I ot-r««*B5<i:t*L8L%r*uW=E«fl)« 

[«#Jj|11] B9EG I s <tfiFEG I cflJfitS-, G I 
s<G I c t-r-i>a*3«5 35:^L8^-r*T.*McE«<n« 

1 2] BEft 1 /\- K/W7Xil:Iftttt 

bi=»«s*u *rEftBBttt««M«ii=ft«**vci* 

EftOBfttttUft?. 
[t*3fcJS 1 3 ] BEB 1 tSKD/x-f hftROftfrft 

ttE*Bna>/w h*m©»ffft*«fcy*L*ii* 
n 1 2 i=E«©««8tai*-T-. 

[il$«14] lliJE«2/\- K/W 7 XB 
■l=»***i. llilESg iBffiBt It 1=8863*, 
Tl.^l2K«R$«t«R*«l 2*fcli1 3E«ffl 

MM15] WE*BMBf=¥fr&¥BJ:mEm 
2 BBBOBIMiCDBTffii: ffiE^BBt 

BBtTfrttTBiBEB 1 w&mami&mmtiw&k 

A<«:-rfla* y iMMMI 1 4 f=EttaB.£«.UlB 

w*ai6] mE£2ttaBiittE9n««B£y 

[SI#JS 1 7 ] ff!E$ 1 ««B©*W*W. Ta, R 
I r, R u (Dl^'flXfr 1 aS7cl±2Biy.-t<t L» S5 

a*fcl±2«feL±«t1--5»3R]S1 46^L1 60L>-TH 
3W=EB©«*BIUBT-. 

[HI*JS1 8] (a) ftfi±l=TB$/-JU KB. TSP 
^■v^^B, &UttMKft£ftft£aBT«*BK£j£H 

(b) B!TE^BM±I-. Sl©l/i?XI>I*»at*X 

(c) lWE#BKrofrEBl<DUvXKBl=<*:o-ca[*5 

(d) ffE*BKO>n««ai=. I1A-K/W7X1 
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(e) miEmi<7)L/vx hmzfc&m.mt* 

(g) «rE»20)Ui?X hJffcJ:orTX^*ttfctt» 

(h) Bf3E»*B16*tfc»E«l/\-K/<-rTXJi± 

(i) wEm20)uyxnB*»*-r*xai:, 
[flistai s] we (h) o>xsfcfcL>r. 

K/ <-f TXBttffiJ? J: y * WEm 2 y\- K/<-f 7XB<B 

jgj5<&;*£ i? < b£-t«b*ji( i s Ett<D«ft«iai*^ 

[|»*3I2 0] fflE (d) <DX«lZj3lvCWE*1/\ 

-K/W7Xltl«t4lti:, #Btt*W*&ft*/< 

4W#jsi 8*fci*i 9 izEtta>atfttttt}*?-a)t(ift« 
[xmattttttKH] 20 

[0001] 

fflLTK^^fta-riiBftftas^i^y. wic. 

[0 0 0 2] 

[f£*<B»$R] H2 7i*tt*a>at*ttai*^tEi»ai* 

fc<D»fi]BB**&*fcKBBH"l?*4. 
[0 0 0 3] 12 2 7fC;^8ft&di3§ : ? L 'T?l*. TSPv- 

;uKg8±lcTSP^-v^^B9^aS*JK. T«MP** 30 
^B9±lzTiteBl Ot^LTSSWlttlBl 1 
X*fillc*<»a**L. X^RKD^iO^ttS^attJBl 
1 fflif^ad 1 /£ltS6ttLT»«*4iTl^4. fit 
CO^£ULfrS3i^ttBl 1±f=, @S»teBl 2. 

IlillH 3. 7'J-»tti1 4. ktfiUl 5tf 

111 6<tLT*J$2*lTl>4o 
[0004] J£&fc14Bl 1 l*P t -Mn 

#» **tt^o>jE5t«is*r»f=*y»***tr^*. 

[0 0 0 5] UtrEESiBftB 1 2}3J:i;7';-H4Bl 40 
4 1*. Ni-Fo (-y>r;U-ft) Co (a/tJU 

h) . Co-Fe Co-Fe- 

n i ft*tt£-cK*£*iT&y» mnittmi 3 

I*. Cu (fl) <pifiD«**tt©(S^*«tt»«*t»-C 
[0 0 0 6] LTH 2 7 iz^'irj: 5 BScX^lQlc 
ISIIiSi 2. HHtMH 3. fttf^'J— « 
&tfIBrSlB£ft4*JIffii 7*»**4trfey. 50 



IH 7<D»«irj:o-C\ »at«A-K/W7^»1 
8 6 n±+ 4 / nV 7 * -fr 4 z i *<T? # 

4 0 

[O0 0 7] ^111 7<Z)±lC(i. ffllxfiCo-P t 

(a/<jM — a*) ^Co-Cr-Pt (i3/<;uh 

Bl 8*«»J***iTl*4. 
[0 0 0 8] /\— K/W7XB 1 8li07FX^rSJ ( 

l:iIS*it6y, , /\-K/W7X|1 8 
^&0>x*Ri^a)/WTX«JHCcfey. BteBi 

4 (DWbli®^X*fp]lC}fflx <b*lTl*4o 
[0009] *fc/\— K/W7*»1 8±|Z|* % Taft 

<0*MBl 9<D±|Z % Cr; Au. T a . Wft£ "ej^iS 
**tfc«a»2 0*<»«**lTL^4. 
[0 0 10] StolC. £BBl 6ftZflMB2 0±lc£ 

•V7^S2 1 ±lc«tt#»*&*«±»*>-^ KB 2 2 

[0011] cc-e. 1&I2 Oi«»jStS*LTl*ftl*£ 

■11 6a>±ffi<D«^afeA<. ^Mh7'^"B^$o- 

T wt?fe4o 
[0 0 12] 

is, i 8^pia)a^a*(D»«*art4fcAHS*n 
y, 02 7 1^-^^51^ »sn ecDflyaaap^iaic 
ffl&d \tmmttT&\z&±&x\z\zt/»£mttir. sue 

BSKj&Sttt (DCR) £±S*1±4««"eLj^ftl\, 
[0 0 13] ifi*. a«Eft«EtKDSE»»S^A<« 

w(D«/MbA<2itf)?>*iTfcy. K^^^KT wlc^-T4 

^B«*oo«-*a«)it*A<** < ft y . fltsMsstabss- 
jmw 4BSfi« e a>w?ra£ jEBictm-r 4 - 1 *<a 

8iicftor^fco h7 7^ffiTwl:»t^I« 
J*a>M^5£a>Ji**<*#<ft4fc* «±W**<ST-r 
4o 

[0 0 14] *B«*da>«*J****<*4*3*iL 
T\ ;\-K/W7^H 8(0ffiI5£5*< U S©«lbx 
B»a)B*/h* < "T4 1 l>5*aH><*A t>*i4o 

[0 0 15] L*U n-K/W7XBl8j*«l:» 
<-T4i. /N-K/U7XB1 8i7U-IttH 4CD 
Jg^fflJMifil^fclt4/N- K/W 7^1 1 8 Oftm^i H c 
•PftfflitiWBTL* 7'J-ittI14*fiSLfc*«K 
<bttBicLras< ci*<-e#ft<ft4. 

[0 0 16] **KI±±Ett*0)KHS-»*-r4fci6a) 
tCD-efcy. ^'J-BttB©*«BfcttBt»3EI=B» 
Lfc**. ^Bffi*O) : FB«ill£0'e^jS*/hS<-r4z 
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[0 0 1 7] 

/^7XB£W^£«ft&£*^fct^ WE/\-K 
/W7XBI*. WE*JBH«CDfflffiA<. fflE£BBi<B<l!l 10 
BB^ltttftLTl^^ *fcI±«HB*JBHO)«B54:*« 

1/\-K/U7^I(t, 1IJE*1/\--K/<-f7;*<Z>±B 
£f::l*TBlcm}$f£LT«B£*u WE#BKfflfl<0fflSS 

[0 0 18] **Wei*. IfflEmi /n-K/ 

■»t»<-r*ctirc»:y. «rE7U-M£jia>Wb£ 

Bt**x*lKrE*l/\--K/W 7^B0)»«#a)a* 20 
*3*>. WE/N-K/W7*B<BWE:?U-&1£B<!:ifi}£ 
[0 0 19] «ot, tl»mi:M»n«?M« 

[0020] *6iz. m*mma>mm*s>mttnm 

*ifctt«-CI*. S&E*2/\— K/W7*B)!WE»1/n 30 
- K/<-f 7^0>±B*fcl*TBlc|t»»LTa«**i* 
z£lcJ:oT«rE/\— K/W7*Bc0JgJ¥;!><J5< Sf^t 
fey. «E/\-K/<-f7^iOM*H c^ftlltS* 

E7UHWM*MLt«Bft*itLt6< zfc 

[0 0 2 1] *JHHT>M:« TOE*BBll=»fi£**i*TlB 
«*<Dtt'5j-afet'h*< Loo. WIB/\-K/NV7^1fl) 

K/<-f 7Xg(DlSJ: y tffJEm 2/\- K/<-f 7^10) 40 

mj?<7>*£j5 < -r * c t Lt^. 

[0 0 2 2] ftjS. ltE»1/N-K/W7Xltt, WE 
*IIIM0flBf4<* mriB^y 4: ***L 

A>&ftiK»1 nmJ5JLT0)/WT^T*ftB*^Lr«ra 

[0023] WE^BBI&tfWE/N 



**yym±\zl&tit£*i. BJE^BEai/WE/v-KA 
<7XB±I- l*f6tttt*M»3^ & ft * ±ffi* -V ^ ?m t . 
WE±Sfl** ^»±fc»B *ft 4»tt*m* & ft *± 
■*>-;uKB3V»***t. fflTESl/\-K/W7XB£ 
WEI 2/N-K/W7Xifl)7*», HtrE*1/\— K/W 

7xBa*fc*ft*«Mi=fcH-*fflE±tt*>--;u KB<t 

WET»*>-;uKBWa)jEJ||*G I s. WE£BK<&* 

v— JUKBNKDEIBeG I c «t Lfc£#lc, WEG I s 

o. 1 7/imi:ft*filJfilTI^K3E"r-5Ci:^W*Lt^ 
[0 0 2 4] «EI(l/\-^W7m WE^BM 
(BffifflJKBMS Lr»lt^4x^tOft(7)^. IHES1A- 
K/<-TTXB<D^i:«ft4«*lcfelt4lBrE±»->— ;u 
KHfcWET»S/— ;UKBfB<0ffi«£G I si*. WE£B 
BOBS«iS«l=fel+««rE±»i/— ;u KBi*rET»*> 
-JU KBMttEJti fc 1*3 C i 1=* * . 

[0 0 2 5] mB^)llRa)KflliE«rcj3lt«mE±*i/ 
-;u KB <t UETSv-JI/ Kffllla>E*ft<*ft < ft* 
fc. KFE-t»v-^KBi:«rET»'>-/UKB(DP B 1*a 
ttttMitOEtth9^^a>H«a)Eaih5v^^ 
b ft±-t £ EWHt» * <0«^*<»&fc£ii St^Plcg A L 
-£?-<fty* *»K^ , v^«* t **<<P*« 
E*S^*WW>*nx h— ^3b<«±L^-r<ft*c 

[0026] site. weg is^gi 

*"gi:*:#<ft*o 

[0 0 2 7] *«<JHTI**TEG I stG I c(DS0M 

«lcfclt£WE±SPv-JU KBitWETSPv-JU KB IB 
<DE»#*£<ft*-i:£fflx.. 

[0 0 2 8] ttB*1/\— K/W7*H±4>-0 

ir. WE*2/\— K/W7XB±0)*ra)«*i:Mft4 
IMtEMMtStL* z ktfffflls 

[0 0 2 9] ffiEtt«B3b<^*4xfci:#lztt. WEIS 

4. TOE*1/\— K/W7XB(D*i«tt4«Jrc*o 
TltE«»BtK«:6ttl^1»*lcj3l** % «5E±»i/- 
;uKB4r«rET»i/— ;UKBB0)BJII*G I s. WE* 
BH0)**i:*ft*tt«l=te»t4«rE±»^— ;u KB it 
WETffl^>-JUKBra<&E«£G I ckLtzb£lz % ft 
EG I si: G I c(DS<7>(I£* afttttiMR^OSMBih^ 
^$Wj&<0. 1 7 nmi:ft*«tJ2lTrc|l3g-r4wt3&«» 

[0 0 3 0] *fc % WEG I s itffiG I c<Dfil£. G 
I c - 2 0 nm^G I s^GI c + 90 n m^Mtzi'K 

B»cKS-rsC<fcj6<»*Ll>c *y»*L<l*. WEG 
I s^WEG I c(Z)fi&£. G I c-20nm^G I s< 
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G I c + 7 O nm£5Sfc-f©ffllCt&£-r&Z£-efc£o 
L<(i. ffJEG I s JrffiTGG I cO)<l^. G 
I c-20nm^G I s^G I c + 30nm 

HlciftS-f 4c£-efe4 0 

[003 1] fcilM** ffiffiG I s £lWEG I c(D®. 
0. 6 7^G I s/G I cSZ. 5 0&}fttz-?m& 
lcKS-r*Zt)b<»*L^o <fcy#£L<l±. fflBG 1 
s^ffiJtSG I c(Dfi&£. 0. 67iGI$/6lcS 

2. i 7tatfc-r«Hi-»«-r*c2:-e**. 

£L<I*. ffJEG I stlftEG I c(0M£. O. 67^ 10 

[0 0 3 2] fcfc\ ±aLfcfHBG I stfflKG I c<7> 
fltOlEH-e. TO1BG I s<tlffifSG I c(0fit£. G I s> 
Gl ctLtti, Gl s=GI ctLTt, Gi s<G 

[0033] Gl s>GI c-efc*u£. ifflE^BKO)]! 

■moEiit »B*BW-«**«*i=fctt*»E± 
»i/-juKJBtmiBT»i/— ;uK»i»a)K«i 20 

[0 0 3 4] G I s=G I cV$>tl\t. ffijB^B^CDifi 

itrB*BM=ft*«ilJ*i=&it*mB± 

ft) fcVLl*. 
[0 0 3 5] G I s < G I c-efctili. HiJE£BK0>SI 

JURaBII*. ffiE*BKKSfc4««lcfcM*4«rB± 
»->-;uKHi:WBT»^-JUKJinBa)E« Mr**? 30 

ft) *y*suv 

[0 0 3 6] *^0JTI*. ltEIH/\-K/W7^ii: 

■ tt4tt«lw»***i. ttE*««±lI»««»l=»M* 
*jh/Cl**«l -il=*y* lKE^BK 

[0037] IIBS2A— K/<<r7XBI=Stt 

*ffi«l3»iai**L. «B«1«M2: 
**lTl*4* 2 S«B£ *"T 4 Z fc #»* LI*. 

[0 0 3 8] 36»h^**M*/hS<-r*fctf>lc. TOE 
flt 1 /v- KA-f 7XB<fclKrE* 1 m«BOKJS£/J** < 40 
LT. frE*BH<DB«5S«^*5lt*«rE±»i/-;UK 

■ i«TBT»->-;u KBIUIOEB*']** < «» 

[0 0 3 9] KAV7XllCl*^)fil^ 
«rB»2««Ba6<»***t*i:. «5E£BKtf>ififflJifi« 
l=j3lt4ltE±»*>-;U KIi«ET«->-^ KBH1G) 
EB«4^< Loo. «ft*ffl*?-©tt»«tt«t*'h* 
<-C*4o 

[0 0 4 0] fcfc. WE^BHaBl^ffttTEtmE 
m2m«@^«iF«jt(7?}S 3 F®<t3b^ci:-rflSli. IftE^B 50 



2m«Biiffi[Em i m«B<fc y ibaw^z l 

[0041] *»we(*. * i S«B<0/ W K* 
rtKDHfrft**, «E*E«fl>/W h*«©Jlffft*<fe 

yft<-r*ciicj:y. «ft«a*T®iUHStt«*<h 
[0042] *fe\ suEseimsBi*. Bfc«ai*^o 

SlC^TX>7*<$££LlC<l^5l^ W. Ta. R 
hjr, Ru0)lN-r*l)!)>ia*fe(i2«Ja±^fflt>r 
Jfc/SL. 1tEK2*Sft0>*r*€C r % Cu, Au.T 
aCDL^tl^l a*fc^i2ai^±^^<Z)M:^Staa)/^*U^ 
«** ffll*T»JSM- * C <h 7b<» * LL>o 
[0043] h^£«BI*. ^^h^^^^n^r 

|zoi^TEI2 6*IMHLtt#&8W!f4. 
[0 0 4 4] E»HM*±l=«»«ffl* : FR©**«*y 
4jiBl£G)ES h7 % ^^tBWw<0Eft h^y£tMB#£E 

?9 tram (x^fsi) ic^s^-a-T. «ft*m*TBa> 

Tl>4o 

[0 0 4 5] Z^ai^fSSOH^jfi^^H^i:. ffigh 
v * CO + *fr b K*i 4 (co4xr W±fciJ * (iiS < 4 c ^ 

[0 0 4 6] H*»»±(DW±U**<**H(D5 0%£ 
a*jftP a&T/iSP blCfcMf4|$S£Xtt<h<B3iSi£. 
^fMPc iSPdt-T^c ^PctjSPdO)ffl0 

sgKA^/SPa^jSP bwco^K somtm 

[0047] ^SSWOttfttttti*^ 0)«3t*ai*. 

(a) ft«±lzT»v-;uKB. TflMF*?7ll. Rtf 
»»«tft»«*«a-r4*BK*«H"r4XSi:. 

(b) «rE*BH±l^ SKDUvXhISMtU 

(c) |ffi*MaltEft16>US?XhJlfcJ:-9 
TW*Tl*fcl*«**m*X«i:. (d) WlE^Bffi 
(D8S««*J=. K/<-f TXB**B-r*XB 

(e) ffiESBl<DUS?X hB*»**i"4XSi:, 

(f) fflya^fipo^flisixfcy^ h^"^ffla)»2(Du 

vX hB^ftlE^Bffi&l/fitTEm 1 /\— K/W TXBic 
Kft4«*±l-»*-r«xai:» (g) HEW 2 O US/ 
X hSl^cfcoT^X^ *4xfcttffi"C. WE* 1 /\— K/< 
-<7XB*HJfSJ?$B']4Xgi:. (h) Rjf£j5*N'Jb*i 
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[0 0 4 8] ttfc. fflE (h) OXglCfclNT. 

[0 0 4 9] fflE (d) 0)XglcfcL>T«tIfiBmi 

® £ffIE:7 U — HtttBO)«ffl 4: Eft*** 4 £ o let? # . 

*fci4imE» i /\— F/UTxm<Dm&&mmm<Dmm 

llJE/N-hVWTXJBi:lHrE^U-«ttIBi:*5S« 
[0050] 

[&^<&£S6cDff2a&] @ 1 14. 1 onsfco^ 

[005 1] 01 "CI4. TJfeB 3 3 . J£3£&ttB 3 4 . 
$1|£ffiil3 5a, Mtt4>IM3 5b, S&2@5E 

3 7 a. 3^«tt*M»3 7 b. mi ^'J-mtt@3 7 c 
J&^&ttiS'V-fe-T-r ^^73?x 'J 3"J-M(D^g-?KttS 
3 7. S8I3 8^ai$*lfc^SiTA«**ltU 

[0 0 5 2] *BKTG>TBlcl4. (H^-T) ± 
-f) ^Lt, T9*v-^KB3 i % TM«W^S3 

[0 0 5 3] *BBlT*a)JE5Satt)B3 4I4H^X*lRl 
IcSfi^tu C(Ditt«3 4 ba)±B4BSStt!3 5 
ttttBL *8tt«M3 6 0fl|. &T/*2^'J-«tt 
S3 7 a(0fi!l®lC}$LTC r . T i . Mo. W50 M o 50 
fc^lC<fcoT/W7XTifeB3 9#ff2/$£*lTl^«> 

[0 0 5 4] /W7XTife)B3 9 0)±lc(4. Sl/\-K 
/W7^I84 Otf»lS**iTl**. mi/N- K/W77 
B4 0I4. JSlTlfl)ll4 0a^ /\V7^T*B 
3 9^Lt*BlTa)lIT s iCfcffSlLTl^o 

[0055] g1./>-K/W7Xi4 0(DJlBICI4. « 
2/\-K/U7^l4 2tf«B2*lTl^ 0 «2a-K 
/U7X14 2 0^gffiTfilJ(75fiiJ®4 2 a 14. JliT 

£<, Er3£S&8iS P I4. $2/\-K/W7Xl4 2^b« 
£«IM><£BK T +<D 7 U -«ttB 3 7 I^BSMI:: 

*f 7X1 4 2 l£S 1 /\- K/ W 7XB 4 0±^H«« L 



[0 0 5 6] $1A-K/^7X14 0XI/S2A-K 

AV7XB4 2l40!liU4. Co-Pt (□/N*Jl/h-fi 

^Co-C r -P t (3/<jH ^Pix-S 

[0057] S1/V- K/U7XB 4 0±|Z(4. Tafc 

4ro)#attt*M»-e»rt**Lfc*iiiUB4 i#»j*s*u - 

O*raB4 10)±lZ. C r , A u , T a , W. R h . I 
10 r. RuttifC»«**lfc«a» (SUffiB) 4 3A< 

[0 0 5 8] 1SB43I1 S1A-K/W7XB40 
lc»fc*tt«f=»J«**u *BHT£Kift*ftfl<)lc|ftlft 

[0 0 5 9] ^BlTOSl, SffiB4 3<D£®. £1* 
S2A- K/W7XB4 2<D*EC:I4. ±SP^-w^B 
4 4tfj«B*4u ±»**«y^li4 4±ICtt±»5/--;U 

K4 5tfBJ&£tiTl*Z>o ±35v-;uKB4 5 I*. StEtt 
20 |ft|ft*t»3^&ft*«BIB4 6lC<feoTa[#D4l* Q 
±fiPv-;UKB4 5(D±[cgBSfflO)-r>^^^-< 

[0 0 6 0] TS&v— ;uKB3 1 . TSfl^-V % y 3?B 3 
2 . TtfeB 3 3 . JRStattB 3 4 . @5£&ttlB 3 5 . it 
at£*mB3 6. ^U-«14B3 7 % SSB3 8. /W 
7XT&B3 9. 11A-K/W7XB4 0, *MB4 
1. «2A-K/W7XB4 2fffiB43, ±&*?W 
^B4 4. ±SPv-;uKB4 5. JRl/ftttB4 6l4X/< 

30 +l^e 

[00 6 1] TSP v-;u KB 3 1 &I/±ffl5v-JU KB 4 
5f4N i Fefti?Oatt»»*Sl^»«**l4. 

fc. TSP v— KB 3 1 Xtf-tSP v— ;u KB 4 5 liBUb 

ftfc. TSPv-;UKB3 1 &tf±gflv- 
;u KB 4 5 14. m»>^^^P-trXlcJ:oT^JiJt*tiT 

[00 6 2] TSP^r-W^B3 2. ±SP^^^^B4 
4. &tffflM4 6I4A I 203^S i OlUH<D$m^t 

40 mm#m&mi*TMtfi2*iz>o t*B3 3f4T a-^N i 

F e C r ftif*»l^T»rt-r*. 
[0 0 6 3] JS5iattB3 4l4. P tMn^£. 
14. X— Mn (fcfc*LX!4. Pd. I r, Rh, Ru, 
Os, Ni, F e(DL>-rtl^ia*frl42am±05t;S 

o^Tr. fclilMiPt-Mn-X' (fctiL 
X' 14. Pd, Ir, Rh, Ru, Au, Ag, Os, 
Cr, Ni, Ar, Ne, Xe. K r 1 Sfc 

I4 2aiu±c7)7c*-efe^) *• 

[0 0 6 4] Z^«=>0)^I4. /$Km^«0«Slt?l4. 
50 SUiJIKCDSibtt^Wift (fee) -efc£A<. ^SttSlCcfc 
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[0065] £5$flBftg3 4 0KJ5I4. h^*W*fi] 
(B*'frtti5lCfcl\T8 0-3 0 0 A. #|*.I4 2 0 0 At? 

ft So 

[0066] ^Ittl3 4$^t«fe«b 

^(CfcLNT. P t **IM4'XA<3 7-6 3 a t %0)85 

B-efc*::i*<»*Lis *fc. WrSBP t Mn^iW 

miBX-Mn<D5tT?***l4**l=fcL^T. P t 
liX^47-57 a t %<&tSH"C Z. U »* L 

is WrcMUKLttt^lKU. ~Wft*»«BB©±BiT 
BI4I2TF* 12Lh*»*-*-4. 

[0067] Pt-Mn-X' (D^V^^tl^)^ 

AlCjSlvc* X' +PtA<37-6 3 at%0)tEi"eft 

lis *fc* ausept-Mn-x' oat- 

7F**l3^*l::fcL>T. X' +PtiU7-57at% 
a>BBrfc*Cfc#J:y»*LlS *6I=. MBPt- 
Mn-X' a>SC"C***l***IZfet^T. X' #0. 2 
-10 a t %<7>«ffl-efc&-<h##£LlS fe£L. 
X' rt<Pd, I r, Rh, Ru, Os, Ni. Fettle 

r*i^iB*fctt2Bisi±a)5EiR-c**Ji*l=tt. x' 

140. 2-4 0 a t %C&eBT?&£-£##£LlV 

[0 0 6 8] c*i&a>***ttfflL. ZtiSflMka-f* 
c&i=*y„ ffiBSBttBssa^an-c^ttStft 

£o 4*fC % PtMn**-Cfcllll 4 8kA/mja±. 
«jLI«4kA/m*B**£a«*B#**L. me 

3E«»#B»**3^P^*>ya*^3 8 o°ctm#> 

[0 0 6 9] $1I$itS3 5 a&i;X2Q£Sltfi 
3 5cl4. Si«tt*t*H=*y»***L*ti<DT?. 
Ni Fe ^fe. Co. C o F e N i C o F o & 

con i **ftifrz*y»rt**t4*<D-e*y. w 

ICCoFe ^&*fcl4C o ICcfc y »rt**U* 

LIS *fc. Sl@S?«ttlg3 5a&t;m2@SattB 

3 5 cl4H— <D*tn-Cl&tfL2 tlZZ £*<»*LlS 

[0 0 7 0] #«te+fWIB3 5 bl4. JEtttttm 

f=*y»a**l**0)"e. Ru. Rh. I r. Cr. R 
e. Cu(D5*> ia*fcl4CtLbO)2aJil±CO^*r^ 
***Ltl^o WJCRulwcko-C»a**t*^A:^»* 
LIS 

[0 07 1] |Wft«M3 6 I*. KIttM3 5i:7 

>J— BttB3 7&a>MnftM**BJLL. 

*a^£ica*t*B-cfty. c u , cr. au, a?* 

*Lls »lcculz«fc-3r»«**t4zt3&<»*LlS 
[0 0 7 2] mi ?'J-«1SJB3 7 cM»27>J-« 

te@3 7aii. «Btt»»ic*y»ft**u*t»a>-e, en 

*_I4N i F e^&. Co. C o F e N i C o F e 



Co n i d*«:4ri-*y»aaF*L*4i«)T?aby. 

WlZN i Fe^4$frliCoFeN i Co Fe^ 

^iCcfc y j&js £ *i* c <t##s lis 

[0 0 7 3] #Btt4>BB3 7bfi« *Btt*M»l=*y 
J&j£2*l5 * Ru. Rh. I r. Cr. Re. C 

u<r>r>% i B*fc(4.c*i60!)2aja±(D**^»***L 

TL^4. «lCRul=*-3T»dt**U*Ci3&<W*LlS 

[0 0 7 4] «BB3 8I4T aiS:if*ffl^r»a**L 
<5> 0 /W7XTi6i39jeaiItfbcc 
10 *M=0 fitittf&^C r . T i . Mo. W50Mo60ftif£ 
ffll^rT*B*»*r*fc. »1/\-K/W7Xi40 

# < * y/W 7xa***S < -e^^o 

[0 0 7 5] »1/.\-K/W7Xl4 0(0JiiTt» 

faTtzmomm* o a [4. B£»ttB3 501s, ihi 

ttttKB 3 6 <7)«J®. 2 37 U -«BttB 3 7a(Di 

BiO)^»filLrfiy. mi 7'J-«ttH3 7 c0«B 
&l*ttALTI^ttlS /\— K/W7X14 QfrbOXlS 
B^©/<-f7«llteJ:y, S27U-Itti3 7a(D 
20 B<bl4B*x*lRHc»iL6*i4. 

[007 6] 7'J- «ttB37(4. Bft^— *>hfl>* 
SS3b<»3S**27y-«14B3 7 a &fl|1 7'JHItt 

i3 7c^ 3f«tt*w«3 7 b^Ltai*ti, m 

27 V— »14B3 7 a <tmi ?'J— BttB3 7 c «>B4b 
*Rl3&<S3|iffi:ft«7xyBttttffl-Cft*o -<0££. 

>h*<*#iv£. «JLI<« «27'J-Wti 
3 7 a0lft£N^ »1A-K/W7X||4 0*&« 
^■r^«#0^lR]fC[Sl^. »17'J-Ittl37c(Di 
1 8 0flESJ**«llCfi|^*:tt»lCtt* o 
30 [0077] S527U-«ttB37aiSl7'J-Itt 
®3 7 cCD«<b*fiJ36<1 SOSSte^ff^^i'ja 
tt«BI=«:«fc* 7'J-Mti3 7 0)||IS»<t*- 
it 64u *ttB»*fcy 

ft^->>h*</J^<*y. 7U-«ttl3 7 0>Bfls4t 
ttl*t<4ot, BStttUB^attJMftUCfttfffl 

[0 0 7 8] »2 7'JHWtl3 7 aMSt-/> K 

t«i7U -atts 3 7c omn*-* > h £ a l**> 

40 ftABiift*. 

[0 0 7 9] fc*£L. @5£»teJS3 s&mittfokOK 
«-etb*fc*#-r*a)i4*2^y-«tt)83 7 aoiit 

[0 0 8 0] SM /v- K/W7^B4 0I4. 7>J— Btt 
■ 3 7 * i*t 4 1 2 7 "J -Ilti 3 7 a i » 1 ? 'J - 

H4B3 7c05*, -3Ef«)Bft*«*BiL**:lfC* 
IS B1-CI4. S27U- «14B3 7 aO)B1b^nO^ 
**%iLT^*o B27U-BM3 7 B0Bfl:£M«< 
-S35rBllc»iL6*t*t. Si 7'J — flBtttB 3 7c (4B 
50 fcJSWgWrtM^i'JIItttllifty, ^U— « 
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ttl3 7 ±<*0)ffi^|fil*<-S^lSlt}S?X. >>tlZ>. 
[008 1] *&m<DtemVi*. 

4 0l±E^X^(S]<0Wat^^. ±lrm2 7'J-«1±)B3 
7alc5*.£> = t£^"C. SlA-K/W7Xl4 0*b 

IE*-r«>@*x^iairo»i«#i-J:or. &i:?'j-«tt4 
B3 7 ca>8<b;£|p] da^x^iaj<bi£rSj#) 

[0 0 8 2] *fc. 0n?l*. JlSt^E— ^ > hAW«C-i> 
SB 1 B5£«14B 35ai«2 BEBIttB 3 5ctf. #8t 

[008 3] SllS«tti3 5 a li53£»1±B 3 4 t 
y. 11 B£«t4B 3 5 a t &5£5fittB 34t <D#9I= 

S3 5 ao>ffl^b^ra7b<ia*Y^iRiic@s**t-So mis 

S«ttB3 5 a<D»(b;&|S]*<05FY;5|S]|cBS2*l-i> 
«b. 3IM8t4*fB1B3 5 b$^LT«|Slt-^)!l2HS«14 
635c <D«^b»|fi] *<, Mtem 1 BSiBtSB 35affll 

[0084] C<D,fc3l^ & 1 BJtfcttB 3 5 a if 2 
B£»ttB3 5 cfl>«<b^lRl*^ S¥ft«b'EC*7x>J« 
ttttffitftoTDii. S5 1 B3£«14B3 5atl2l 

£1^13 5 c £*<5iMcfl»>;&a>»<b:&i2]£@£L&5 

LTBSffittB3 5CD«<b75l6l£-3£73fa] 
l=5i* l-@^-r -5 Z. £ tfX * -5 . 
[0 0 8 5] miHS»ttB3 5 aWHSl^-y 

>h<fcm2B£«ttB3 5 cOTJia^-yvh^SL^ 
frtffc^filcffitft*-.* > Kfl)^iaiA<@^fflH4B 3 5IOI 
fc^lS] 

[0 0 8 6] 13 1-t-li. $1lSMl3 5aM$2 
B3£HtttB3 5 c£|53i:*m£ffll^TJI2JSU Hi-. 

[0 0 8 7] £fc. SMBSW4B3 5 a£t;g|2IS 
j»ttB3 5 c©B£«<bl::<fc££S&# 
£, I 1 ISItiB 3 5 a Sl/f 2 1 3 5c© 
»«#jg^l^±A<fflSI-ft*.^ 3 C £ I- J: y * * > 
•b^-e#«.o C*il=«fc"J, BSffltttB3 5<7)B3£lHblc 
SffiS (5R«mBJW A^©, 7'J-ffltttB3 7(0 

[0 0 8 8] ftotr. 7y-»14B3 7<D£i!H8<b<D^ 

£ C <t *< pTfil I- & -5> . 
[0 0 8 9] ClZ-e. T->» M/-fcl*. s^aaa* 

*<'h£ ttoT. 7->W h 'J-A<OI-ifi^5<g 



[0 0 9 0] fH2T->» h'J-li. 7'J-il4l3 7 
0 Wb©^iai t @SJKttB 3 5 (D@SaS<bfl)^[Sl i: 
XLTl^Sfc^KOttt*. 7*».* h'J-A<*#<r 
*i& <t .* x -f TfrbtDtiMSWBE*-!* y A<jE5tlr-e#/«j: < 

fcy, x^-roJSBi^-So co)f=to. Binary* h 
y -*</h* t (D is if. s±<i#ffia<o<i^tt*<(Sj±-r 
^ciiotcy. xe>/<;u Ltint 

[009 1] B5£ffiteB<DB£ffi<bl:: < fc*£«# 

10 (jRS^as) Hdi±. *t**»w=J3i.*t. 
-? y -m&m 3 7 mztsif^mmzit*mif 

B£«t£B3 5£±8Bfl)«Bl*&<t-f-5-£ 
y Mffi^f-fflEI^H d * llliH d = O ir-T £ C i: 

£ % z*ti-<fc^-c:7U-fflt14B3 7rti=«SA<r-#raE 

<bfl)^-A<IE± L/^U^/Nt7lf W -<Xfc<!:*<S6±-f 

[0 0 9 2] fcfc. lIS4 3iI1/\-K/^7XB 
4 0i(nrai:. T a * fcliC r £ £c£>4 3 fB5B 4 1 A<R 

20 it tmmzm<'z.kwx2. «i/\-K/<-r 

7X14 0 ©««#14OT sfe^b $ Kit -e # * . 
[ 0 O 9 3 ] m«B 43tltTa ^ffl^-Sa^l-l*. 
C rC0*IBlB4 1 ^SI7-5c:<i:l-J:-3-CC r<D±BI=« 
B T a ro^Sfllig^ <6«St05«:^5t^fltitlc u-v 

[0 0 9 4] ti§4 3tLtCrSfflL^a6 

Ta(D+fflB4 1 ^iftlt-5CtlCj;y. C r *<I 

[0 0 9 5] 01 iC^JKfcfl&SMaaiSI^I*. L^*i> 

30 xev/^u^ffiaisiaim^-cfcy. bs«14B3 5<d 

»<b^|SlA^ aiElcia^Y^|S]fcsiifftC*|SllcBS$ 
*u. Lfrt^'J— «ttB3 7©mb36Ui]EI=B*X*« 
l=» A e»*LTfc y , 35t7U -«ttB 3 7 

HL|=ML. 7y-«ttB3 7<D»fcA<«Sa<*«lL. 
z<D«<b^|fi]<7)Sibi:. B5E«ttB3 5<0BS»<b?3(o] 
iOlilfigTmSHfttaA^bL. C<D*a»affl«)jE'(bl= 

40 [0 0 9 6] fcfc'L, Sfilt£tafil<7)3E<b (StiTJ) l=B« 
«f#-r-5(DI*m2BS?attB3 5e«B1t»n^*27 
•J— «t£B3 7 aOWb^(Sl©ffiW#|-e&y. ^*LP,© 

EP JlP $ tiT^tt l^tttt-CBS U TLn* C t L t^. 

[0097] *silfi«)JKI8(D«ft*ttJ*^--ett. mi/N 

-K/WT*B40©BWt 1 *»<-r* = tl=J:y. 
Sg2 7'J-«H4B3 7 a<D»<b^lS]^ : 5-%S.SSl/N— 
K/nV 7XB 4 0 *<Mt 4M<na* f P < t « c i 
36<-e*4. -r<C*3t). »27U-IttB3 7 atifiBL 
50 T^-5fiP»l^fclt-5S 1 /*— K/WrxB 4 0©JS®« 
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[0 0 9 8] ftot, MmTI=»tt$ft«7MJ*0> 

****** <u ®«is#£j£<-c#. ffift^ajm^ 

0>!&S £ IS1 ± * 14- & - <t *<"C # £ o 
[0 0 9 9] $ $IlT(DfllT s^£fifS£§» 

1 /\- K/ W 7Xg 4 O0)±jilClt}tS Ltai*ns 
d <t fcj: o"C/\— K/U7XBH (DRJ5jW5 < £ fc 
y s /n- K/ W 7X1 H(0«tt* H c ^ftllt^* < 

t?££o fto-c. naa>a#A<#«L-ci^r*. py — 10 
[0100] stSttaKn-ci** ^»«Tic»j«aF*L* 

/W7XI4 0<DKff t Uyt*2A-K/W7Xi 

[0 1 0 1] *fcHl"CI*. «1A->W7X|4 0 
<D±mizm2/\— K/W7XB4 2*<8tB**lTl^ 

S 1 /\- K/U7XS4 0fl)TBl:lSSLTS2 20 
/\— hW7XB4 2rt<8IBS*iT*>«J:l^ 

[0102] H2ii*«w<DJS2a)S6«a)»ffla>«ft« 

[0 10 3] B2fl!>»fttttti* : p-Cl** S2A-hW 

7xB4 2 0)iJ?t 2*<i2ii a>«»«wj**j: y *>j?< 

ffl*£>-JUKB3 1 M(DiE«^**< #^Tl>££-C(7><* 
B 1 a>«*ttUJ** £»oTl**. 
[0 104] *JBKTO)H«5S«»=i3lt*±»->— ;UK 30 
B45 <tTffl5*>— JI/KI3 1 [U1CDIgKjtt*#< 
±§Pv-;u KB 4 5 ^ Tfiflv-JU KB 3 1 (BBfl^ilo 

«^Aya^t<fty, hsjkv^iee-t 

««u**i=^L*-r<*y. e»hv^ra<D^p 

[oio5]f:t\ mi/\-KA 
-f7XB4 0 k%2i\— K/W7XB4 2tf)5^>* S1 
/n — K/W7XH4 0O*iIft4«*S 1 fzj3lt*± 40 
»i/-;UKH4 5tT»v- JUKB 3 1[H]<D^Si£G I 

B4 5tT8->-^Ki3 1fU!0>j£St£G I ctLfct 
^ICffllSG I stG I c<Dg(7>fit^m^0)filJ^Ti:-r^ 

KB 4 5£TSflv— KB 3 1 m0)&t&tf*£ < C 
IS® K5^*SE-Tw£/h£<?-£;:£*< 

[0106] aa-r-Scfcaic. wihg i s^gi c a>g 



-TwVh£<&£o - M8BG I s <t G I cCOS 

(o^^^siajm^osgjah^^^iffiE-Tw^o. 1 

[0 10 7] S2A- K/U7X14 2<B±ffi4 

2 SltffiB43(^±I4 3 aCD&gUBcfcy 

[0108] H3i±**wa)»3a)Sifia)j^©<D«ft« 
[0109] ■3izaF**ifc«*«a*^-ef*. ffii/N 

-K/W7XB4 0fw»tt«ffi11lc»j«**Lfc«aB 

(*im«B) 4 3izmx.T. $2i«B5 i a<S2/\ 

-K/W7XB4 2\zmte%iiLmizMtfL£tiXl*Z>&f)< 

si {z^^H^msieittj^ibmoTi^o S2 

S«B5 1 i:*i««»4 3li. ESl««Mlca«*n 

[0110]JM h5^^"BE-Tw$/h*<-r^>fztt 
fC, g1/s-K/U7XB4 0i:l1lgB4 3fl)KJ? 

KB 4 5iT«->-^K!3 1 Pa<D5§K££/h£<-r£ 

f ZT\ 0 3(7)^-51^. S2A- K/W7XB4 2IH 

fc^i&ecis^maBs 1 jb<»jas*i«j:3iw-r*i:, 

*BffiT<DW«ift«^fclt*±»*>-;uKJl4 5i:T» 
v-JU KB 3 1 p B 1(Digg*t^/jN* < Loot. fl&m&fciJSi 

[0 111] $2i«B5 1 iS2A-K/W7XB4 
2kO)ffllZ. T a*fe(iC r ^b4^*HB5 OtfWLlf 
*>*lZt. J»tt*tl»CZt36fe*. S2A-K/W7 

XB 4 2<&fc^te<D&<b£tej±T?#*o 

[0 112] $2l«S5 1 t LTT a&m^&mSlZ 
I*. C r (Dtpmms O^Klt^Z^fCcfcoTC r <0±B 

[0 113] $2i«B5 1 t LTC r 

a^-lCli. T a<D + WB5 O^Sl+^CirfCcfcy. Cr 

[0 114] ftfc. ^BffiT^®lc3Ffr^ 5 Fffii:m2m 

as 5 itomffimvmvmktfKi'a&e 214. *bm 

TaffircspfxttTOtm 1 tSB4 3«)|lf!Bi<DS?® 
e 1 £y/h£l^<t)b<#*Ll>o 0 1 >e 

2,t-f3<h. *BMTicE}$it«6*H^mimaB4 3 

a, 

[0 115] *BMTOH«fi«lcfclf 4±»«> 

— ;u KB 4 5 (tTSy-il/ KB 3 1 fHOEIBl3&<** < * 

-tztztbizit. m 2 mas 5 1 om&t 4£. mi ma 

B4 30)MJ5t 3 cfcyff<-T*-i:^»*L^o 

[0 116] Slt«B43MS2t8B51 
I4W, Ta, Cr, Cu, Rh, Ir, Ru,"Auftlf 
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a, Rh, I r, RuJj:i:fl)«ttfl)tt»$ffl^t»* 
U m2mfilB5 1 5Cr, Cu, Au. T attif^Jt 
*»0>/J** m*T»dW 4 - <t L L> 0 

[0 117] H 3 "CliMIEff 1 /\— K/ W 

4 0±0>-fiP£. IHBfll2/\— K/WTXB4 2±<0± 

£o-cm2m*i»5 1 1±»^— sra^maw 

B»**y«*=i:*C 

[0 118] |ft|»B5 2 3b<»rt**tfci:#l3li % »1/\ 
— K/W7XI4 0^S2A- K/W7XB4 2<7)-5 

S 1 /n- K/\V7^B4 0^i:I4^«^-Cfeo 
T«»»5 2 £K4:&ttlHMS 1 dfclt^u ±ffl5v- 
JUFB 4 BETAS'— JI/KB3 1 fflO>ffiJBi£G I s. £ 
■«T0)**Ci:«ft*(ftltl=»lt*±»S/-^KJi4 
5<tTSv-JUKB3 lM0>Ett€G I e J:Lfc&* 
ic. miBG I stG I cdOSOEf. KRatt*^©* 20 
»h7^«E-TwtfO. 1 7 /imiftftttlSlTlcR 

[o i i 9] i2i«i5 1 <tmi «®B4 3^msm 

ttMfZfttt-r^fci&lCli. m2mfllB5 1 <DT®5 I a 
A<»im«»4 3<D±S4 3 aCOffifitRBcfcy B^ 
(YJE»*S) lc{&gLTl^C<!:jb<#£L^e 
fcffU Sl2BffiJ§5 1<DT®5 1 SH«S4 
3(D±®4 3 aCDSl^lSB^f^Cia^^glC^fiE^^T 
lvC*J:l*U ^Hffil4 3(D±®4 3a0lS8B 
«fcy*. S!^±^IS1 (Y^fSl) IC{i®LTtJ:^o C(D 30 

$2f4iB5 1 lzaft$*ifc«ai±. S2/\-KA 

^7XB4 2jIotSltai4 3lC3lE*l*o 
[0 12 0] m^lZ^tl^^olZ^ *2/\— K 

/W 7*B 4 2 lz«ft4ffl:1tlz»fiK**i4K 2 «&B 5 

[0121] bi ^t>ia4ic^Lfr^JSa)}^ffi(D 

J55iSBt14B3 4<D**fflJ#lcl4P£fi 
SP3 4 aA<ft2j£2;h,. KfifiP3 4 a <D ^ffl^lRl 

^«*filfc*< Jitf«3BEai»3 4 b35<»ja**L-C^*. 40 
[0 12 2] J53£il14B3 4IC&&SP3 4 b 
CO)Satia53 4 b0)±IC/U7XTtfeB3 9 J^Ltg 
1 /n- KaV77B 4 OjaBt*«iStl±, S1A- 

K/W7XB4 0J, 7u-iitB3 i<Dm&mm\z+ 

[0 12 3] fct£U B5 1=5***14*31::. 
B3 4lzStB§P3 4 brt<ff2j£**ufc< T£*l\ 
S5lZfct>-C. T*6B 3 3 A<S3t«ttB 3 4 <DTB<D^ 
l:»LtM**i, /W7^Ttt3 9*T»**v? 
B3 2f=E}£?rf 4ttit<t LT*«fct\, 50 



[0 12 4] Blfr&B5l=*Lfc3Hfc<D»ttO> 
■tfSttfflitT-CI*. «1/\-K/V7^l40fl)Hi 
T<D«ffiT s t»lR|-i-*«a)ffl|ffi4 0 al*. B£ttttB 
3 5<7>flijS. JMtt£ttttB3 6(D«B« &tf«27'J- 

iiB3 7 aa)«ffii:a)^»fiiLrfcy. »17U-1 

ttB3 7 c<D«B£l4»ALTL*fcl\, fc*=U E6fz 
**"J:9I=. ;\-K/W7^B4 0Mll4 0a^ B 
S»14B3 5<7)fiiJ®. JMatttmB3 6a>BB. S27 
'J-BW3 7a, *att*MB3 7b. Xtmi7U 
-ISI4B3 7 ciDBffiirWfilLTfcJ:^. 
[0 1 2 5] H 7 14. #«n0)ffi7a)Xlita)»tt(DBtft 

4o 

[0 1 2 6] H7lZ*S*l«*JH<D»fflfl[)«ft*a*^ 
(4. Bl«BB4 3tf.*BBT©=FB«*d±lc*-e 

[O 1 2 7] /\— K/W7XBH^b0)XSlfi]^a)AV 

c:fii*.£*iTL*4o 

[0 128] tc^^B7rz^-r<fc5fw^BKTO+* 

[0 12 9] BflMMle-CI*. ieBttB3 5(DBft 

BjEI=B*cZ£AI=B3E**u in7'J-IttB 
3 70BftA^BjElzB*X*|fi]fc»x.6*tTi3y. @S 
fl&teB 3647'J — BttB 3 7 aBfttfBSHBK & 
4 G *LTB»«{**&©rt»B*l=»U 7 "J -Bit 
B3 70)iMSg<tiL, C<DB{b£R0>ftlb 
t % BXBttBse^BCBIb^rM&OBB-eBftlKtt 

y. EBB(l^60fltiBJ|L«tBU«4t«. 
[0 13 0] m«MKTOBKmelt HSClfl 

rcB«BSB»»tf«»**i*»#-e*y. c^-es 

[o 1 3 1] z*ilz»U SM«e0)IMi:ttlt« 
tttt d , D -C 14. S^BttB 3 5W7U -BB14B 
3 7<DB4t4*. K/W7^I4 0. 40^60 

B1ba>MKB<Sl*. 7'J-«tti3 7 0Wblfc n 
«W*l=SL*«Ll:=< <&oW4o 
«d!4. Bft«8ittX^B<. W4«1lfc&««TLfc«« 

[0 13 2] B7-CI*. SllffiB4 3^ *BKT(D 

^B«*d±iz*-cBtf**tT»jiE**Lrt^*a)-c. m 
i maiB4 3^b(D-fe>xsaE^ sia- k/wtx 

B4 oic»*Uz< <#y. Sim-KaV7XB4 0S 
EI££BBlTlz. tME-feVX«5fc*SM-«* 
L^*mi««»4 3£*R««d±fz* 
T?»iLT»rt'T4Ci:lz < fcy. £BKT£. HIS 
■ 4 3tO)»*BB**#<tt*fc«)Ita*tt« (DC 
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[0 133] *fc. »1««H4 3^Bffi«d±lcS 

auiaav -f x a?tt * c t s- ffl x « c <t # 
[0134] ®8 1*. **w<z>» 8 (D3iifia>^88a)a« 

[0 13 5] @8lZ^*^fc«Sl«dim^r*[i. iUT 
XTtfeB 3 9 tf. J&&&11B 3 4 OStligP 3 4b ±IC<D 
*Mfc»**lTl**. ftot, «1/\-K/W7Xi4 0 
I*. •■■T«(DOT4 0a^ S27'J-Illg3 7 
a<D«lffii:lt»*LT^4o 

7.B4o < tm2 37u-atttB3 7 %immmzmm»t 

[0 13 6] /U7XT*I3 ^MT(Di®± 
lC»a**Lfc»*-C*. $27'J-ffittl3 7a(Df|i 
±fz»***lttl+*ttf. I1A-K/W7«40t« 

2 7U-II4B3 7 a<DfliJS£It}$&<Wl*1*£Hao 
[0 13 7] *fcli % glA-K/W7Xg40d:$2 

7'JHWti3 7 a ^(DraiC/W7XTftB3 9 mm 
StlfcJid-Ct. K/<-f7Xi40fc*27U 
— tt&B 3 7a MO)/ W 7XTifei 3 9 0>BiV*< 1 n m 
SlT-CMltf. /^7XT»13 9lC±Cfce->*-JU 
tltt, *1/\-K/W7Xl4 0iB27 , J- «ttt 
B 3 7 a ATOftttlcSfiK**: ft y , S27'J -fl&ttB 3 
7 a a>«M»lcfc^TK« * - <t £l» Cc <t 

[0 1 3 8] 0 9 1*. *^0)S9(DjlltW8(D»a 

[0 13 9] H9l=**ilfc«**di**l*. *®IT 

B<D«S*ifil=Lfc*<D'T?fc4. ^^y. @9T?I*. T 

jfeB3 3(7)±lC. $17'J-ittS3 7c, 

S3 7 b. f27'J-IftS3 7 a^*>ft«r>>-fe-T*f 

^>737xy^y-^o^y-KttB3 7. jwtttmil 

3 6. m 2 BKttttB 35c. JHBtt4>IM 35b, $ 
1 l$ffili§3 5 a^bMv>-bf^^7i'J fcf> 

»«LT»B**iTi**. 

[0 14 0] T*I3 3<D±mtmzy l J— ittB3 7 
aGMIiJB&fCjgLTC r ft£lC«fc oT/^f 7*T%B 6 O 
OTWjtSshTl**. /^TXT*6B6 0(D±lc(*. Si 
A-K/W7XI6 1 *<»J***t"tl**« 
-<7Xg6 1 I*. JUT 1«a>fllB6 1 a)b<. /W7 
XT*feB6 0£^LT*frlS]LTl>£o 

[0 14 1] Sl/\-K/W7^B6 1<D±BIC». m 



2/\-K/\V7Xg6 3rt<8tB£*lTl^£> 0 S2A-K 
/ W 7^B 6 3 OMIT 1 flKDll 6 3 a It £BK 
T 1 <7>«!BT 1 s^&Rf£ESS p 1 *£l+«*ifctt«l- 
Kltbtt^o RrJEEMSpllt »2/\-K/W7xB 

6 3*>bMtl>I^^BKT 1 *<D?U-«ttB3 

7 IzESWI^^ffl Lftl^EJti LTSS*h^ e . ftfc\ 
ff 2 /\- K/W T*m 6 3 l*m 1 /X — K/W 7XB 6 1 
±|::tt&|gLT»B**lTl^ 0 

[0 14 2] mi/N-hVNVTXB6 1Stf*2/\-K 
10 /W7^B6 3 l*«iUi. Co-Pt 

^Co-Cr-Pt (zjy^Uh-^PA-d 

[0 14 3] S1A-K/^77B6 1±IZ|*. Taft 

i?©*Ht*ftt*eM*tifc*mB6 2^«**i, c 

CO^fflBe 2(D±lcSim«B6 4*<^*tLTL>^o 
[0 14 4] I2A-K/W7XB6 3ClSft 

*fifil3m2mffiB6 6jW&j££;h,T^&o ftfc\ S2 
t«B66^$lSSB64it itSBftMlc^a*^ 
20 Tl^&o 

[0 14 5] SlfffiB64iSlA-KAV7XB6 
1 £<DMXtfS2«lIB6 6^S2/N-K/W7X16 

3 ^rOOraiC. Ta*fcliCr^b^^*iaB6 2, 6 5 
*Bslt6*i«t Cct^-e*. S1A-K 
/W7XB6 1 tS2/\-KAV7XB6 3 0)«^tt 

[O 1 46] S11SB6 4, S2SSB6 6t LTT 
a *ffil**JI*IZtt % Cr©TO6 2, 6 5 
dtlZcfcoTC r 0)J:B^aB*+l^T a(DSS«5t^ 

[0147] »i«aB6 4. mznmmeet 

LtCr^^^l:[t Ta0*HB6 2, 6 5$ 

[0 14 8] ftfc. SliffiB64Xt;S2tgB66 
#W, Ta, Cr. Cu, Rh, Ir t Ru, Auft<*f 

kt 1 < tm^wic}$8i*tv^si«ffiB6 4$. atsitt 

UJ Si^CD IB® «{* 1 0> « [6] BB L X SaEfitaffi £8)3 

40 tt-r*xaicj3t^TX>7'^*±LI=<tx«k5l^ W, 
Ta. Rh, I r , R u tt£0«tt0#»*ffil*T»J* 
L, S2liS66jCr, Cu, Au, Taft£<Dlt 

[0 14 9] ^BH 10)*®. SHffiB6 4(0$ 
®. MS2l«IB6 6<7)«ffilCtt. ±i*tV?B4 

4 7b<j£K£;K. ±»*-V^^B4 4±lClt±»->-JUK 
4 5A<»j4**lTl**. ±ffli/— ;UKB4 5li. 

b ft & «»B 4 6 IC^ot «fe*L £ . 
[O 1 5 O] S1/N-K/W7XB6 1 I*. P"J— «tt 
50 l37^««t^27»J-IttB37ai:Sl7U- 
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5-5-5tLT^^)p m i ?'J— «tt»3 7 oOmit^Ufi 

-ttfo\zm*z>ti*±* m2 7u-aattB3 7ai*at 
ttS3 7*(t<o«<b*fii*<-a*iaiiciiix.&*i* 0 

[oi5i] *S»a>»B-ci** SS 1 /\— F/W7^1 

6 1 l*0^x:£lS]<7>8«K^£. S£I=B1 B1SB3 

7 cl:^5c dot, /\-K/W77B6 1 fre>36± 

-r^a^x^fS]0)»a(*icj:or. S2 7'j-iii@3 10 

[0152] :za>3t*«icj3i*Tl*. £BJgTi<ami 
? 'J -&teB 3 7 c li. £S£&teB 3 4 «fc y t T^dffc 
j££*iTfcy. S1/N- K/W7XI6 1 <0BJ*O>J*l* 
•»t»*L-Cfey. ftotSl7'J-MS37c(0 

«^b(±®SlwX*fiHc»x.c ) 4x-&o c*U=J:y« 

[0 1 5 3] 01 Ol*. OCDg|J6(7>ff28|(7> 
«ft*ffl*^*IEIiJi*fcO»raM3^6*fcWHH^ 20 

.[oi5 4] z<Dm9Ltkmm*\** #Btt*mBi oe 
**'0<tLr. ^-0±Ticmi os. m 

27'J-Ilti107jW6itBl 04, 1 08. 
I1l$Ilig1 0 3. m3@5£fl&ttJg1 0 9. JEBtt 

WB10 2, 1 1 o. JR2HS«ttHi o 1. K4I 
5£»ttBi i i Xtf&SS&teB i oo. i 1 2*<»A$ 

*) *y*wi*w±ai**»«::±*^«-c**. 

fttiTfflf^fit$*LT^*IS36<Ti6B3 »ti-h« 
l=»flt**tr^*Jl*<«Il)»3 ST'fcy. TifeB3.3^ 

[0 15 5] *nWT*lt. £5£«ttB 10 0. 112^ 
t>4o fe&lM*lffiiEP t -Mn^&ICftiLT. X— Mn 

(fcfiLXli. Pd, I r. Rh. RuO)t>-rtt^ia 
*fcli2aiU±<7)5r;*r*fc^) t\ ft-SlMiPt-Mn 40 
— X' (fcf£LX' I*. Pd. I r. Rh, Ru, A 
u. A gOl^hfrim&tzlt2m&±G>jt&-etbZ>) 

[0156] swami ?u-«tt»i 05. mum? 
y-«ttiB 107. ffirsam 1 assettt® 103. msEm 

2l$i|i§1 0 1. mSBm3@£atttBl 0 9. WISE 
S4l$||(tBl11it Ni-Fe (--/>r;U-ft) 

Co . Co-Fe ft) 

Co-Fe-N i **ftiftf»ja**lT*5y, 1ft 
IB#«tt»«»10 4 i 10 81*. Cu (M) 4^1 50 



[0157] TteS3 3±*>b, m2@satttsi O 
1 . mukttnm 102,51 asatttB 103. $m 
\tmnm io4,si7u -atta 1 o 5 <o§m\^tt 

t, - c r 4«MS<if=«MWEBi4:tt4/<-f 
TXTftBl 13. 11 3rt<fl2j££*iTfcy. 

txt&bi 13. 11 3<D&m~&-=>T. ^arrsm 

1A-K/W7X11 1 4. 1 1 4frZ>f£±'?Z)/HT 

[01 58] / W TXTifeB 1 1 3 <D±\Z\t. m 1 /\— 
K/W7X11 1 4»**ht^4o S1/N-K/W 
7XB 1 1 41*. £BffiT2flJ(Z>«ffi1 1 4atf. 
7XTft§1 1 3£^L-C*t[SjL-Cl>£ 0 

[0 15 9] S1A-K/W7X11 1 4CD±BlC(i. 
S2A-K/W7XI1 1 6*<fJtB£*lTlN£o S2/\ 
-K/W7XB1 1 6(D»IBTiO)fli1 1 6ali. 
£8BT<&ffii]®T 2 b*&Bt£EJBS p 2/£l+||*ifctt 
«lcRit6*t*. BrSffil«Sp2(i. l2/\-K;W7 
XB1 1 6^b^±-r^^S7b^BMT2*0)^y-«t 

fc. S2/\-hW7XBl 1 6l*mi/\— K/U7X 
B 1 1 4±f=E»«LTBB**iT^*. 
[0 16 0] $1/\- K/<-f 7X1 1 1 
K/W7XB1 1 6(£#ix.l£. Co-Pt (a/^UI — 
6^) ^Co-Cr-Pt 

*) **<c^-c»***trtey. s^x^fS] (h^^ 
ic*b**iti**. 

[0 16 1] S1A-W7XB1 1 4±|C(i % Ta 

«:ifcoiwtt*r»-e»a**tfc*rinBi 1 stw&js* 
*u :kd+mbi 1 5<D±icmimffisi 1 7fi<mtfL$ 

[0162] I2n-K/\V7XB1 1 e\zm 

+HB1 1 8^LTS21«B1 1 9rf>< 

1 1 lit. H«mftMi=»«**tTtN* 0 

[0 16 3] mim®Bl 1 7t«1/\-K/W7X| 

1 1 4ta)raxi/m2mfiiBi 1 9t«2/\-K/W7 

XB1 1 6t COPTIC. T a£fcf*C r 7b>£fc£*P B 1Bl 

15.11 8#R(t&*i4i:* J»ffi»£RfrCc<tjb<T- 

Sl/\-K/\V7XBl 1 4i:g2/\-K/W7X 
Bi 1 6a>BJM»ttfl>*fls*ttit-c*4. 

[0 16 4] mi««Bl 1 7. S21SB1 19iL 
tTa$ffll>^i|6lC[^ Cr0*BBl 15, 118 
oTC r <D±BI-SIB£ft£> T a <D& 

[0165] mis*Bi i 7. m2m*si 1 

9<tLTC r £BL*«J|ftl=H:. Ta(D«Bl 1 5. 

i 1 s^iftit^CitiCcfcy. c r^xe^+v-v^c^ 

lit, «Stfit£<£M"C#*o 
[0 16 6] fcfc\ SifSBi i 7&i/m2®*Bi 



(13) 



!$|Jfj2002-280644 



1 9 liW, Ta. C r , Cu. Rh, Ir. Ru, Au 

£B«T2£SftMI=f£8E**i.smimtiBi 1 7$. 
«ft8saim^-roiE^!««:i: 0>*t IS]® £ WB L TlSgSfttit 

IZ,W, Ta. Rh, I r , R u if <Offitt«)*t»* ffl 
^TMU I218B1 19SCr, Cu, Au. T 

[0167] JIST20)S®. 17©S 10 

K4 5A^fiE*tfrLN*„ ±«5v— ;uKB4 5li. $g& 

&mm*fr & * -s «sb 4 6 r= «fc o rm.t>*i * . 

[0 16 8] 3=fc. 0 1 OTI*. ««=E— > > h^S* 
^fltBm 1 @5£«ttB I03i SiFlEIg 2 @3t«&1±B 1 o 
1*<. «IIE^«14«^B1 0 2^LT«B^fctfl) 

^-^ > h*<sifc Affiles 3 usiattB i o 9 tmt&n 

4@^»t±Bl 1 1*<. fl5K2M»14*mB 1 lOS^L 20 
-C«BS=h.fc : fe<B*<. — 3ro@S8ttBP2tLT:iffi 

[oi6 9] ftriem i @£«1±B 1 0 3tirEi2i$ 

ffittB 1 O 1 05«'fb75r3]l±. 1 8 O&Sfc-S&sPffOT? 
xyffittttJgl-fcoTfcy. ffJlESS 1 @5E«14B 1 0 3 

«tiiijfem2@5£jattB i o i ^siMzteTjro^bTJia] 

£@£Lfc505-C% i<ttLtISHiBP 1 <BHHb7j 
IS] £-3£75lS] l-$5£ * = i: tf-e # 4 . 
[0 17 0] 01 OTIi. if£l1l£ffit£B1 0 3& 
tflWKm2H5£18ttB 1 O 1 £p}C*m£JB^-CliJi£ 30 

[0 17 1] £fc. i!E$31$IliBl 0 9i:l|IIKS& 
4@SSSEttBl 1 1 <D«<b75iai4.. 1 8 0M«i5? 
fra>7xUattttSI=«oTj3<J. fltTtHSS 3 SSllttB 
1 O9£l|trffiS54 0S«t14Bl 1 1 £&£lM=(lb««)B 
<b75 |3] * @£ L & o T . 

[o i 7 2] vriBffaitt«»B 102. iio 

l£. Ru, Rh. I r. Cr. Re. Cufl)5^ Hfc 
*L>li2fflCl±©^-e»JiE**V-C^-5o 40 

[ o 1 7 3 ] BUiEm 2 @s«t4B 1 o 1 stt/m 4 ssat 
i±b 1 1 1 i±, -t^-enssijattB 1 o o&u -iizt 

y . ffrSHSfS 2 @£»1±B 1 O 1 Rt/£3£«14B 100i 
<75#®3£U:i::inrKS54@£?»t£Bl 1 1 &tf&3£«14B 
1 1 2£0#®IZT£&SS£lc,fc£5^m:*te«#M><£ 

[0 17 4] ffrKm2@£«1tBl 0 1 <Dfflrtb7JlS]li. 

ia^z7ji5ii^as**i-5. fltrssm 2 @s«i±b 1 01© 

Wb7?(Sl*<El*Y7J(a]|reS$*tSi:. lflffi#M81**m 50 



B 1 O 2 tit LTS*[S]-r -5>tf5 1 HSfcttB 1 O 3 OJfflUb 
73lS]*<. flirIBS&2@3£«teB 1 O 1 ©HHbTjlSl.fcKWT 
rottHl?@S*H*. )EEteffJtHm2@SffittBl O 1(0 
B&Sl^E-* > h t«F8Bm 1 HSffittB 1 0 3 (©SHESl^E- 

HSfltttBP 1 ©«^b75l=li:'5:-i>o 

[0175] afries2@s»ttB 1 o 1 mmt-zmm 

^ Z :£ |S] lc •&<£:#. 1151295 4 @£»14B1 1 1 

£*<»£Ll\, ^ffl<t#. BilKl^atlSWfiB 1 1 oSft 
L-C«iai-r*IB3@S«ttBl O9<0HKb75lS]j!><. StrtB 
$4@M»B1 1 IflJ^bTSlSJirS^TJlSlI-. 
:b*>. Z7J(ailc@£**v-5. fcfcffJt51R4@;£HM4Bl 
1 1 <D«»=E-J< > r- 1 Hinm 3 @5£»teB 10 9«)I 

A<fitl!E@S»ttB P 2 ©»<b75l6] <t -5 „ 
[0 17 6] -f «H!gH ■?')— »14B1 O 5. tfr 
GOttttttttJI 10 6. «trBESS2 7 'J-HMtB 1 O 7 £ 

5>lt*hsi-t-5. Miami i£i«Bi 0 3tm&&3 

HSOEttB 1 o 9<0?»<b73lfill±. SIM- 1 8 

[0 1 7 7] 01 0-eii. ^-r-5«J:5l=. 7"J-«t4 
B F A<M8em 1 7 'J -«14B 1 O 5 irflWaSS 27'J-S 
14B 1 O 7 A<. fJ!E^»tt*t^B 1 O 6 $itLxmmZ 

Htztot Lxnmzti. ffiiem i 1 o s 

t mem 2 7 y -»i±b 1 o 7 ro«<b73 isj A^s^fr t * 

* 7 x 'J ffittttBIt <E o ■CL^^ 0 
[0 17 8] mifflmi ^y-»ttBl 0 5tffirIEm2 7 

y-ffltt±Bi 0 7i±. *rana^<o»Sr*si+T. 71U 

aitttSg*«-3fc**«^b73lS|$^b*-li--5. COTJ: 

* . mk* 1 isitti io3t nnism 3 @S«E1±B 1 

O 9©»<b73l6]*<. StMr 1 8 OSSfc-SSspmKSSl:: 
fto-r^-Si:. 7'J-«14BFj:y±BSP«-fl)«ta^b 
¥i7 y-ffittB F «fc y TBfflWOT«taa:<bJgCDG£tBA< 

[0 17 9] $t.l=. ffJlB@S«ttBP lOT^bTJlSli 
ffrE@SaE1±BP2 0»{b73lS])b^. JS¥ff7?|S]-CS.-5C 

[0 18 0] ffljU*. »<b7?lRlA<0ntZ73iail=@S**1. 
TLN*ffiFl3«2 0J&«ttB 1 O 1 ©atft^E-y > h©* 

# * Sffr&m 1 @S«ttB 1 o 3 roatsi^-pt > h 
#$<fey L. BSfittttBP 1 ©a«b73lSl^0^ 

Z7J|S]|r-r^ 0 -75. Wb73lSjA<0^Z73|BilcBS*tL 
■CL>i>SlFlEm3@SffittBl Og^aift^-^VhCD^ 

£££iriiEg?4@£mteBi 1 io>tta*->>h(07< 

***yt,/h*< L. HSatttBP2©Wb75lSl^0^ 
Z 7J |6J ,fc SWj^IS] I-* -5c 

[0181] -T-St. -b>XS3iE*0*X75iaii:S*i<7J 
7J|S]l-3!ELfc<k #lzSg^-r*-tr>X«iilt«#OT75|S| t . 
SSMBP 1 roffi<b75lSl2it;@S«1xBP 2©»<b75 
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isw-sil. miEm 1 ssatttB 1 0 3<tfliii5m2@s 
[o i s 2] nates? i ^ y-»i4B i o s&tfin 

G« 2 7 'J -H14B 107li, **l**lfl>***— > > 

7'j-»ttjsi o 5&i;fl(iEm2 7'j-atit)si 07$ 

Cilery. fflrlBf&l ?'J— «1tBl 0 5Rtf 10 

meit 2?') -«ttH 1 o 7 > k « Mtt & 

•en**. 

[01 83] $bC, *«tt»SBl 02, 1 0 6. 1 
1 6 l±. Ru. Rh, I r . C r . Re. CuD)H1 

[0.1 8 4] B1 0-CI±, ffHESM 7'J-8tti1 0 5 

t tuffim 2 ^ u -ntss 107^ mriE#«tt*mig 1 

0 6^LT«B*tlfct,0>*^ -O(07'J-«ttBF 

[O 1 8 5] UUSESM 7U-J«ttHl 0 5i:mia»2 7 20 
M-J8ttBl 0 7OHHb75l6ll*. RWijtKZ-jx'jm 

[0 18 6] ffJSESII ?'J-HKt4Bl OSamSl^-.* 
>t-t»lES27 l J-Ittl1 07OT«$t*-y >h£ 
JE.L**a*fc**aa*— j» > K<D73lSlA<fItB7 'J-«t 
t£BF<0«<b75lSl<!:fc-i>o 30 

[0 1 8 7] flJiES51/\— K/U7XI1 1 4liia^X 

1 4A'»e.(DX7J|S]^<0/<'1'r^.aE#l-«fc 
y. 7'J-ffittSF(75Wt:75lRll±E15iX73lS]l3ftoTU> 

[o i as] *Lx&m.m#ifr!i><7>9V®m&\z*ii,. m 

IrKDSUA:, H^fflEttBP 1 . P 2CDB3£«t<b7JlRl£(Z> 
IflfiK -ema«ta*<3E<b L . z (D mSHSfiiflKO 3E<b lr SO" 
<SE£<blc<fcy. Eii&fc*^<B»*i«#* t fcfcB£*i 40 
*. fc£L. B«ftSifiS<D£<b (tti^D) lcitSS#-r-5 
OI*m 1 Bftttttn 1 0 3fl)Wb73lSli:Sl Z"J-«14 

181 o 5(7>jnb75iaia)te»^. ai/S3SS?»ttSi o 

9 0ffi<b75lSl<b«2 7';-?lttlBl 0 7<D^b75lRiroffl 

y. ^^tbOj+i^^esaisatA^iis^iKT^ 

•5tt®*^<t#«#iWEpjin *4xT^ft L^ffi-eit3E Lt 

[0189] /\— k/Wt^jbi i 4i±. yj—mttm 

F£fl»J«-f -5SS1 7U-)tttI1 05tS27'J-Itt 
B107«)7%. -7J<&ffi<b;£|6]£1f*-5fc-lT-C«fcl,\ 50 



0 1 0 T?li. I27U -«14B 1 O 7 OHHb73 [SlO^S 
-e^x-Cl^-So m2 7'J-l»ttlg1 0 7(DSHt»l5lA<- 
^7J[SH=«J x 1 , S17U -ffittB 1 O 5 Itfflrtb 
7JlS)A<J5¥fti:ft^7i'JfflEttttSli:'5:y. 7'J-«14 
Jf F±<*0>JHb7JlRl*<-S75rS]lc}ix. t>*i*. 

[0 19 0] #3?JSa>fl2Sg-t?l±. SlA-KA-f7Xi 

1 1 4(*ia^x7Jisiro»asisi$. ±tm2 7y-fflEttB 

1 0 7|:4it4. tfcrjT. 1 4*^ 

SI±-r-i)ia^X73lSiro»«»lcJ:-oT. *1 7'J-«tt 
BIO 5 CDHHbTs l°l (H^X73lS]<!:3S»(S]#) A<a.*;lx<5 

[0191] E2^t>iai oi-^^ttfeata^tti^ic 

fcl>rt. jft 1 /\— K/U7XB4 O. 6 1. 114© 

KJ5ti. is. t 7 £»< -Tactic* y. 7>J-« 

SB37. F©fflMb75iai£-5-3x..5mi/N— K/<-f7X 
140. 6 1. 1 144<«4t4M©a**S<t* 
CtA<-T?#.& 0 -Tfc;b1fc,. »14B3 7. Ftifijg 

L-CL^^SP^ICfclt^mi A-K/W7XI4 O. 6 
1.11 4<08S»<bxMJ5<D(££'h£<t?£-i>. 
[0 19 2] fifcoT. #BKT. T 1 . T 2lw)KJS*iX 

«Sl«ai*^©©S £ |Sl± * i* * C i: # £ „ 
[0 19 3] * talc. JBiT, T 1 . T 2<D<HSA>C> 

BfSffiJUs p. s p i . s p 2 7 % =lt*t*ifc&ei-. SB 2 

/\-K/^7XB4 2, 6 3. 1 1 6 4<I1/\-K/W 

7*40. 6 1. i 1 4<D±m\~\M&&Lxmm£hZ> 

C<tlcJ;oT/\— K/Wr*BHOTKI5A<J5< £*IT*5 
y. /\-KA-l'7^BH(D«IAHo^Itt^#< 
-e#4. ftoT. *1-SLa>«tW?F«Ln*T*,. 
KttB3 7. F$^SLfcm«E^bttSlcUrfc< Zt 
-5. 

[0194] *Hi6rojKSg-eii. ^BlgTicBJS**!.* 
< Loo. A-K/W7ZBH 
<Dff«^H c*>S£!l££*#<-f -Sfctol::. S1A-K 
A-T7 , XB4 0. 6 1<DKJft1. t5J:HS2A- 

K/W7XB4 2. 6 3<0ffiJ¥t2. t60>:££J5<L 
Tt^^)„ fcfc'L. 031 0©«k-5l-. I1/\-K/W7X 
B1 1 4<DKJ5:t 7j:yt,«2A-K/W7^Bl 1 6 

[0195] *fci22j^bia 1 o-ei*. ha- K/W 

7XB 4 0. 6 1. 1 1 4<D±BI-£2/N— K/(^7X 
142. 6 3. 1 1 6A<aB*tLTU^)A<. IB 1 /%— K 
AV7X14 0. 6 1. 1 1 4<DTBKIt}t}8LTgj2 
A-K/W7X14 2. 6 3. 1 1 6A<»B£*l-C*,«fc 

[o 1 9 e] gl4A^t,la1 oroasisstb^icfc 

UTt,. *1A- K/^7^14 O. 6 1 . 114,tm 
2/\-K/(^77B4 2. 6 3. 1 1 6<D5*>. m 1 /N 
-h'/W7Xl4 0. 6 1. 1 1 4 0*-i:Sfc-!>fiiiStT? 
&OTJS6SB5 2«tmftbft^«l«ES 1 icfcl+i). ±S|J 
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v-;u KB 4 5 1 TSS v-;u KB 3 1 M<DEIt£ G l 

KB 4 5 <h TSP v— KB 3 1 flfl coffins' G I ciLfc 
ffJffiG I siG I c<D^0fiI£. fcftfcttaHP 
0)&® h^y^fgE-Tw^O. 1 7 //miifc^filmT 

[0197] @i^b@i o^fiaa^tissi^ic^ 

l^T. flJSSG I s itltlffiG I c 0fil£ „ G lc-20n 
m^Gl slGI c + 9 0nmt»fc*IBBlCR£-r* 
CtA<»*Lt^ *y»*L<l*. «HBG I siltlBG 10 
I c 0>fil£. G I c — 2 O n Gls^Glc + 70 

< I*. IfTESG I s iffiSSG I c0l$, G I c-2 On 
m<Gls^GI c + 3 0nm£*fc-r«iBI::RS"*"« 

[0 19 8] &*LM** fflTGG I s iltEG I c <&fi& 
0. 6 7^G I s/G I c^2. 5 O^iSfc-TISH 

s^WfSG I c(Dllt, O. 67^G I s/G I 

2. i 7izmi±irwmi=wti£t*zkTc**. 20 

*L<I*. ffifKG I s<tfljSEG I c<DfI£. O. 67^ 
Gls/Glc^1. 5 0^gifc-riEffllCi9:^-r^)Z<b: 

[0199] fcfc. ±asLfc«rBG i s (bffiriSG i c © 

•OlfiHT?. ffiTlHG I stm&G I cCDfi&S. G I s> 
G I c<tLT*». G I s=G I c<bLTt. Gl s<G 

[0200] G I s>G I c-efctuii. *BiT, T 
1. T2(7)MlJifi^lCfclt^±ffl5v-^KB4 5<bTSP 
v-JU KB 3 1 MCDEJItf** JSIHT, T1. T2fZfi 30 

ft*««lcfcit*±«p->— ;u KB 4 5 <tTffl5v-;u KB 
3ifffla>ffiSI (^-v^^S) *y**iv, 

[020 1] Gl s=GI cT*&tl\£. ^IlT, T 
1. T20)H«l5e«lCfcl+4±»S/— ;UKB-4 5tT» 

fc*tt*lc*3lt«±»5/--^ KB 4 5 £Tfflv-^ KB 

[0202] G I s<G I cT*$>tl\£. JUT, T 
1. T2 0)H«ift«f-fe<t*±»5/— ^KB4 5<tT815 
_v-;uKB3 iMflDEW*. JilBT, T1. T2ICM 40 
«t41W*lcj3l+*±*S'— KB 4 5 £Tffiv— KB 

3i^n« *-y/h*t^. 

[0 2 0 3] 01 II*. ■3r=»$*kfettSKtttt 

«f T t S 1 IffiB 4 3 <!: f 2 i«B 5 1 £0 

[0204] HI 1 IC^^^X^xfc^fC. $1l«B4 3 
<0/vf h^lRKDHflfi* Z 1 ^BIT0)/W h^lS] 

<D»fr«*z 2«t y«< £*iti^<z>-c. ttftttebX? 

[0 2 0 5] fcfc. 03&lX05~01 O(0E&&1£tfciSi -50 



^-eii. 2B^mffiB^-r*»j£a)^Lfc^ mffi 
B^3BJU±"Cfcortcfc^o 
[0 2 06] Sfc;S2/N-KAV7Ai4 2, 63. 

1 i 6±ic* £l::«»B<B/\-K/<-f TXBtf»B**i 

[0207] fcfc. Z7'J— «ttB37 f F<h@£«ttB 
3 5, PI. P2lt mB<D&te##Bfc£LM*2B<& 
ffltttWftB (CoFe/NIFeW) itLTr^tl 

[0208] B3i=*$ftfcttJ&tttfX7a>R&*&& 
awt-Sc *riai 2(c^-r<t5fc. t§pv-;i/KB3 

1. Tff^^^^B3 2$jaK"r^ 0 T§Pi>-;UKB3 
11*. N i Fe^^fififiJffll^SL, 
t*^l3 2I*A I 203. S i O2fc<t*0*fe*ite*m£ 

ffiivc»j«-r*. TfiPv-;u KB 3 1 (i. S«3o± 

B£ttLT?*B£*i,-Cl^ 0 
[0 2 0 9] T«Mr**:7B3 2±|C % 03 IC 

***i*T*»3 3. &3tfl&ttB3 4. SMHSKttB 
3 5 a. |MKtt*ft1»3 5 b. g&2@£fl&ttB3 5 cfr 
b -r-f ^^^x'J e> KMtf)@S«148 3 
5. *lttttfW3 6. S27'J-attB37a, »B 
tt*(BB3 7 b. mi 7'J-IttB3 7 c*>&fc:<5v> 
-b^f-r ^<7^x'J^'J-^(D^U-^ttB37. «HB 

3 8J8BU ^BUSW^o 
[0 2 10] ^feC<D^BKTO)ftyfC % H9|C^-T*> 
XfjUXtf >/^^IIl*^BlT 1 . 0 1 OlZ 
^tfaTi^ tf ^/^U^MaWSSl^^BJgT 2 "C& 

[0 2 11] ^^BIT, T1, *fcf*T2£fltj«-f 

£L<. £fcl*X— Mn (fc/£LXl*. Pd. I r, R 

fe£lM*P t— Mn— X' (fcf£LX f I*. Pd. I 
r, Rh, Ru. Au, A g <Dlvj**U&* 1 21 
&±<7)7cfR-C&*) t«lTt«):^o S5IS&!ifiBtttB 

x«»*«*t****«ici*»»aitii-ri«^* 

[0212] wja-rftttftttuiR^afe^h^^ 
^igo-TwcD^iasa^ u ^ ht^ffl^i/vT, kbr 

l£. JBBT±i:/W->W5o 
[0 2 1 3] 01 2IC^-T<fc : 5ir. L/vXKBRU: 
tt. ^(DTmzVW&ftmR 1 a. R1 a^iS^4xr 

[0214] 5*:iz0i 3fc^fxg-ei4. x^^>^iz 
«fcy*BKT(DMffl*»jyat;o x^^> 
haiXx^^>yB»IWS«IWL. J5^ttB3 4 

a>fiBtiwytt&rai*-t5-r*wi:i=*y. sss^tt 

B3 4tH*X^Tfillz«<»rtLrt^4. 
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[0 2 15] *b 1^121 4lC^-TXg-eii. ^1IT0 
mm\Z* /W7^Ti*B3 9, 39, »1a-KaV7 
XB4 O. *ra®4 1 Ztfim-fZo /W7^TftS3 9 
liC r * T \s Mo. *fcliW50 Mo5O<0?^lvf*u!>N 
-SJa±. #£L<I*C r I1A-KAV7X14 

OliCo-Pt (3/^h-e« ^Co-Cr- 

Pt (a/^h-^PA-ai) ^fefc<*££* *fffl@4 

1 (iT a^ffl^T^lSLfco *|gS60)^S|-CI*. /W7 10 

XTi6l3 9, $1/\-hW7XB4 0, *fflB4 1 

[0 2 16] ^mmm-cte* sia-kaV7xi 

4 0li^gffiT(b^ffi]-r^fl!lCDfilJ®4 0 aOfiJiglU 0 
b^m2^'J-atttB3 7 a(D±®3 7 a 3<b££:£K 
*fiefC^jfi**l^o "f S1A-KAV7XB 
4 0(D^BKTt«|S]-r^fllia)fiy®4 0a(i. Rl/ft 2 
^U-^ttt®3 7 a<&fiQ®£ttfl^&iS£fi©£T:j£K 
4*1. »1 ^"J-«tt»3 7 c<D«IHi:l*»lRlL<i:^J: 
5l::fl&jS**lTl** 0 fcffl. 0 6l::5F**l5,J:?lC % 20 
SlA-K/W7^B4O0l®4Oa^ @£»1£B 

B3 7 a. 2M8tt*IHB3 7 b. 37'J-EBttB 

3 7 cO>«ffi£»|p]-r««fc3fcLT*M\i 

[02 17]JlA-K;W7XB40!t ?»J— «tt 

■ 3 7SiStn*27'J-tttB3 7 a ^11 ?'J- 
1KB3 7 c(D 5*.. JB2^ «J-«14B 3 7 a (Omt^5 
foOfr**h7LXl^o S27'J-atti3 7 aCOat-fb 
»mtf-ft*«l=»it&*l*i:. Sl7>J-IttB3 7 
ctt»fl:arRl3&<S¥fii:ft*7xU«ttttfflt*y. 3? 30 
U-ffittB3 7±(*0)«fls*iai3&<-36*Bll=»iL6*t 

[0218] *3ISte<7>ff28g-ef*. Sia-K/^7^B 

4 0l*l3^X;£fa](Bfi*St#jL£. £ICft2:7'J-*BteB3 
7 alC-S-X^o ftoT. $lA-K/W7^B4 0^b 
«8±-r*B*X*«ia)IHIMH=J:^r. S17'J-«14 

■ 3 7c©Bft*fl (IH^X^fS]i:i»fai^) 3b<SL**v* 

[0219] *izhi sirjs-fxg-ei*. SIR 3 OS® 

oaH*fi!fC»LBfffia)ftftfl 3 3&>&. *MH4 1 . 4 40 

i ±ic» 1 mas 4 3 zj&m? *>o « i ®as 4 3 1*. 
[0220] zo>&* SifgB4 3^ &mmr±\z 

Rlt«D*lfcUi?X hlR 1 0)TH»c»ja**tfc«jyii* 
ARIa, R 1 a«l:*tfiEILtt <fcl>o 
[02 2 1] fcfc. ^ 1 S«B 4 3 £J&fSL+Z>k £ \Z 
It H1 1 Ic^**i-5J:-5I3. Si 1SB4 3 0)/W h 
*fiia)JM5«*Z 1 *JMTa>/vf K^fSKDHfrfi 
4 2 2 J: y ft < J^iS-r « Z #tf * L I*. 50 



[0 2 2 2] fltl/vXhBR1^ V^KWJIta 
*fflL^tt4t6U7h*7lCj:oTl»*Lfc«. ■ 1 6 \Z 
TK-f^OlZs «yii^»R2 a. R2 a(Dff£j££*lfcU 
7 ht^bv7 KlR2^BMT&ySli8i 

4 3±£MK-r«. 

[0 2 2 3] I^^->if|Cj:y»1«aJB4 3. 

traB4i, »i/v— K/W Tx»4o*siiyato * 

L, «1/N-K/WTXg4 0^rgi]yaJt>ra*J: 

[0 2 2 4] S«3 0«B®tt««lQlcttL»r£ 

(OMM^b, mi/N-K/^TXJ84 0±(cm2/\ 
-K/W7XB4 2, *fflB5 0, S2fgaS5 1 £51 

[0 2 2 5] COctaiCLT. S1A-K/W7XB4 
0<D±m\Zs »BI T f 4 O a A^BB T (Dill 

T afrfcUHEEHs pt£lt«itifc{4Mlcfc^m2/\-K 
/W7^B4 2A<ae*^XTL>^)ffltSl«tii^ : ?-$-^i«-r 

£z<t*<-e£* 0 mssgiKspii. S2A-K/W7X 
B4 2^b 4»*a^)1BI t * o z? u 3 

ft 2/\- K/\V T *Jf 4 2 l*ft1/\- F/U 7XB 4 o 

[0 2 2 6] glA-K/^7XB4 0&t/S2/\-K 
/W 7XB4 2I4«xtf. Co-Pt (a/^h-fi 
£-&^Co-C r -P t (3/<;Uh-<7PA-d 
*) **ft£-C««fc**i*. »l/\-K/W7 
*»4 0W82/N- K/W7XB4 2l*j£E&. 

[0 2 2 7] S1;\-K/W7^B4 0^B15t 

1 J:nS2A-K/W77B4 2(DKI5t 2 £«< "T 

[02 28] S2A-K/W7XB4 2, 4^850. 

ft 2 maB 5 1 £j£K*r*<h£l::ii. JBIT 

tff&&Z*ltz&fii3 OiZftL. S2A-K/W7XB4 

2. +IBB5 0. ft2maS5 i0fflfi£-e^fiE4*v/c^ 

lc*yjjtttr«. 
[0 2 2 9] *fcl*. 1»E9-y7h*lSLr»fi3 
0«*. TOE*-** Mc»L*»*«l=»tt*fcl*lffl 

[0 2 3 0] ftfc\ S2A-KAV7XB42, *WB 

5 o. ft2maB5 i &f$.mn>k$<Df$.mft&e a 

mimaB4 3£jacM-r^t^<7)fifcK«S0 3j:y 
ttZKi-zztwzLi^ j&mnme A>f&mn& 
e 3k-f%zk\z±i)^ *mmT*m\z*fiwmk* 
2t«B5 i <DWii&m<D®^mktft < $:-fftme 2£. & 
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sf-mtwui-ftme 1 <fcy**<-e*«. 
[023i] e i >e ztirht^ ^JBKTic»ftft« 

tO 2 3 2] *fc. £BttT<DHfllifi«lZfcl+S±»*/ 
— ;u KB 4 5 <h T§P v— KB 3 1 [BXDlItttf;*;* < u 

-r^fctofc. m 2 mas 5 lawtt 4*. susb 

4 3 0)JKfft 3 J:yff<-r-5Ci:*<»*L^o 10 
[0 2 3 3] *fc, JUT fc«ft«lC}£«£jK4ft 1 
BftttU*70BftlKf*£attnB£« 

U=< L\fc3l=» W, Ta, Rh, I r , Ru^M 
tt©tt»*/Bl*T»jatU S2fgB5lSCr, c 

[0 2 3 4] tLtl/5^hlR2t, UvX hMBft 
T. Rl|«|4 3AtfS2tSM5 1±|C % 01 8IZ 20 

a**-* die. .h*¥*??B4 4*jftB?«. 

[0 2 3 5] 01 9lC;jVrX*lT-|*. JllT 

at;«i««B4 3±fl!)-»i:«ft*««ic. ay a* 
l. ^ffi3oic^L^to^fsi3b>t>mimaB4 3±o- 

WXt/*2«ffi»5 l±CD±T<D««^S3S:^t6«B5 

[0 2 3 6] L/v^hiR3^ hMMittffl^ 

91=, ±«P^rY^^B4 4&t/|fe»B5 2±fZji»i/- 30 
;uKB4 5£j£MU ±SPv-;uKB4 5±fc«SIB4 

e Sfi£it^xi$gt, b 3 amttu«Tfl<sjrr 

[0 2 3 7] £rfc\ ±KLfcB»*aj**-a>»»*»l:: 
fe^T. mi m«IB4 3fc, $2fffil5 1 <D5*>. ft 

1lgi4 30)^IW^-Cfcot, *&SS5 2<t 
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CLAIMS 



[Claim(s)] 

[Claim 1] The multilayers which have the fixed magnetic layer to which the magnetization direction is 
fixed by the switched connection field with an antiferromagnetism layer and said antiferromagnetism 
layer, a non-magnetic material layer, and the free magnetic layer to which magnetization is changed to 
an external magnetic field, In the magnetic sensing element which has a hard bias layer for arranging the 
magnetization direction of said free magnetic layer in the fixed direction said hard bias layer The 1st 
hardware bias layer which has countered through the bias substrate layer which the side face by the side 
of said multilayers is directly in contact with the side face of said multilayers, or becomes from the side 
face and non-magnetic material of said multilayers, The magnetic sensing element which a laminating is 
carried out directly in contact with the upper layer or the lower layer of said 1st hardware bias, and is 
characterized by having the 2nd hardware bias layer which has a side face by the side of said multilayers 
in predetermined distance detached building ****** from the side face of said multilayers. 
[Claim 2] A magnetic sensing element according to claim 1 with the thickness of said 2nd hardware bias 
layer thicker than the thickness of said 1st hardware bias layer. 

[Claim 3] Said 1st hardware bias layer is a magnetic sensing element according to claim 1 or 2 which 
the side face by the side of said multilayers has countered through the bias substrate layer of lnm or less 
of thickness to which it becomes the side face of said free magnetic layer from a non-magnetic material. 
[Claim 4] The magnetic sensing element according to claim 1 to 3 in which the insulating layer which 
laps with the part on said 1st hardware bias layer and all the fields on said 2nd hardware bias layer is 
formed. 

[Claim 5] Said multilayers and said hard bias layer are formed on the lower gap layer which consists of 
an insulating ingredient by which a laminating is carried out on lower shielding which consists of a 
magnetic material formed on the substrate. The up gap layer which consists of an insulating ingredient 
on said multilayers and said hard bias layer, The up shielding layer which consists of a magnetic 
material by which a laminating is carried out is formed on said up gap layer. The distance between said 
up shielding layer in the field which laps only with said 1st hardware bias layer among said 1st hardware 
bias layer and said 2nd hardware bias layer, and said lower shielding layer Gls, When distance between 
said up shielding layer in the location which laps with the center of said multilayers, and said lower 
shielding layer is set to Glc The magnetic sensing element according to claim 1 to 3 which sets the value 
of said difference of Gls and Glc below to the value from which the effective width of recording track of 
a magnetic sensing element is set to 0.17 micrometers. 

[Claim 6] It is the field which laps only with said 1st hardware bias layer among said 1st hardware bias 
layer and said 2nd hardware bias layer, and can set to the field which does not lap with said insulating 
layer. When distance between said up shielding layer in the location which laps the distance between 
said up shielding layer and said lower shielding layer with the center of Gls and said multilayers, and 
said lower shielding layer is set to Glc The magnetic sensing element according to claim 4 which sets 
the value of said difference of Gls and Glc below to the value from which the effective width of 
recording track of a magnetic sensing element is set to 0.17 micrometers. 
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[Claim 7] The magnetic sensing element according to claim 5 or 6 which sets said Gls and said value of 
Glc as the range which fills Glc-20 nm<=Gls<=Glc+90nm. 

[Claim 8] The magnetic sensing element according to claim 5 to 7 which sets said Gls and said value of 
Glc as the range which fills 0.67 <=Gls/Glc<=2.50. 

[Claim 9] claim 5 which makes said Gls and said value of Glc Gls>Glc thru/or 8 - a magnetic sensing 
element given in either. 

[Claim 10] claim 5 which makes said Gls and said value of Glc Gls=Glc thru/or 8 ~ a magnetic sensing 
element given in either. 

[Claim 1 1] claim 5 which makes said Gls and said value of Glc Gls<Glc thru/or 8 a magnetic sensing 
element given in either. 

[Claim 12] The magnetic sensing element according to claim 1 to 1 1 which has the 1st electrode layer 
which is formed in the location which laps with said 1st hardware bias layer, and is connected with said 
multilayers directly electrically. 

[Claim 13] A magnetic sensing element according to claim 12 with the depth die length of the height 
direction of said 1st electrode layer longer than the depth die length of the height direction of said 
multilayers. 

[Claim 14] The magnetic sensing element according to claim 12 or 13 which has the 2nd electrode layer 
which is formed in the location which laps with said 2nd hardware bias layer, and is connected with said 
1st electrode layer directly electrically. 

[Claim 15] The include angle which a flat surface parallel to said multilayers front face and the 
tangential plane of the front end edge of said 2nd electrode layer make is a magnetic sensing element 
[ smaller than the include angle which a flat surface parallel to said multilayers front face and the 
tangential plane of the front end edge of said 1st electrode layer make ] according to claim 14. 
[Claim 16] Said 2nd electrode layer is a magnetic sensing element according to claim 14 or 15 with 
thickness thicker than said 1st electrode layer. 

[Claim 17] The magnetic sensing element according to claim 14 to 16 which makes the ingredient of 
said 1st electrode layer any one sort of W, Ta, Rh, Ir, and Ru, or two sorts or more, and makes the 
ingredient of the 2nd electrode layer any one sort of Cr, Cu, Au, and Ta, or two sorts or more. 
[Claim 18] (a) The process which forms the multilayers which demonstrate a lower shielding layer, a 
lower gap layer, and a magneto-resistive effect on a substrate, (b) The process which forms the 1st resist 
layer on said multilayers, and the process which deletes the field which is not covered with said 1st 
resist layer of the (c) aforementioned multilayers, (d) The process which forms the 1st hardware bias 
layer to the both-sides field of said multilayers, (e) The process which forms the process which removes 
said 1st resist layer, and the 2nd resist layer for lift off in which (f) slitting section was formed on the 
field which laps with said multilayers and said 1st hardware bias layer, (g) The process which deletes 
said 1st hardware bias layer in predetermined thickness after the mask has been carried out by said 2nd 
resist layer, (h) - the [ which was deleted in predetermined thickness / said ] 1 hard bias layer top - 
the - the process which carries out the laminating of the 2 hard bias layer, and (i) ~ the manufacture 
approach of the magnetic sensing element characterized by having the process which removes said 2nd 
resist layer. 

[Claim 19] the process of the above (h) - setting - the the thickness of 1 hard bias layer the [ said ] 
- the manufacture approach of the magnetic sensing element according to claim 18 which forms the 
thickness of 2 hard bias layer thickly. 

[Claim 20] The manufacture approach of a magnetic sensing element according to claim 18 or 19 of 
having the process which forms the bias substrate layer which consists of a non-magnetic material from 
[ of a substrate ] a normal before forming said 1st hardware bias layer in the process of the above (d). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic sensing element which detects a field 
using a magneto-resistive effect, and relates to the magnetic sensing element which can narrow the 
effective width of recording track and can respond to high recording density-ization especially, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] Drawing 27 is the sectional view which saw the conventional magnetic 
sensing element from the opposed face side with a record medium. 

[0003] In the magnetic sensing element shown in drawing 27 , the laminating of the lower gap layer 9 is 
carried out on the lower shielding layer 8, the antiferromagnetism layer 1 1 is formed in the direction of 
illustration X for a long time through the substrate layer 10 on the lower gap layer 9, and the 
antiferromagnetism layer 1 1 projects only the height dimension dl, and is formed at the core of the 
direction of X. And on this projected antiferromagnetism layer 1 1, the fixed magnetic layer 12, the 
nonmagnetic conductive layer 13, the free magnetic layer 14, and a protective layer 15 are formed, and 
the layered product to a protective layer 15 consists of substrate layers 10 as multilayers 16. 
[0004] The antiferromagnetism layer 1 1 is formed with antiferromagnetism ingredients, such as a Pt-Mn 
(platinum-manganese) alloy. 

[0005] Said fixed magnetic layer 12 and free magnetic layer 14 are formed with a nickel-Fe (nickel-iron) 
alloy, Co (cobalt), the Co-Fe (cobalt-iron) alloy, the Co-Fe-nickel alloy, etc., and said nonmagnetic 
conductive layer 13 is formed with the nonmagnetic electrical conducting material with low electric 
resistance, such as Cu (copper). 

[0006] And as shown in drawing 27 , from on the width method T8 of the antiferromagnetism layer 1 1 
which was extended in the direction of illustration X and formed in it, it applies to the side face of the 
fixed magnetic layer 12, the nonmagnetic conductive layer 13, and the free magnetic layer 14, the metal 
membrane 17 used as the buffer film and orientation film which were formed by Cr etc. is formed, and 
the bias field generated from the hard bias layer 18 later mentioned by formation of this metal 
membrane 17 can be increased. 

[0007] On the metal membrane 17, the hard bias layer 18 formed with the Co-Pt (cobalt-platinum) alloy, 
the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. is formed. 

[0008] The hard bias layer 18 is magnetized in the direction of illustration X (truck cross direction), and 
magnetization of the free magnetic layer 14 is arranged in the direction of illustration X by the bias field 
to the direction of X from the hard bias layer 18. 

[0009] Moreover, on the hard bias layer 18, the electrode layer 20 which the interlayer 19 formed by 
non-magnetic materials, such as Ta, was formed, and was formed by Cr, Au, Ta, W, etc. on this 
interlayer 19 is formed. 

[0010] Furthermore, on multilayers 16 and the electrode layer 20, the laminating of the up gap layer 21 
which consists of an insulating material is carried out, and the up shielding layer 22 which consists of a 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 



12/9/2005 



JP,2002-280644,A [DETAILED DESCRIPTION] 



Page 2 of 24 



magnetic material on the up gap layer 21 is formed. 

[001 1] Here, the width method of the top face of multilayers 16 the electrode layer 20 is not formed is 

optical truck width method O-Tw. 

[0012] 

[Problem(s) to be Solved by the Invention] Among the free magnetic layers 14, since it is influenced of 
the strong field from the hard bias layers 18 and 18, it is easy to be fixed, to the external magnetic field, 
magnetization cannot be changed easily, the magnetization in near [ the ] the side edge section has 
become, and as shown in drawing 27 , the insensible field d where playback sensibility is bad is formed 
near the side edge section of multilayers 16. This insensible field d cannot but be a field which it hardly 
contributes [ field ] to a playback output near both sides, but only raises a direct-current-resistance value 
(DCR). 

[0013] High recording density-ization of a magnetic-recording medium progresses in recent years, since 
it corresponds to it, minimum-ization of the width of recording track Tw of a thin film magnetic cell is 
advanced, the ratio of the width method of an insensible field for the width of recording track Tw 
becomes large, and it is becoming difficult to control correctly the width method of the sensibility field e 
for demonstrating a magneto-resistive effect. Moreover, if the ratio of the width method of an insensible 
field for the width of recording track Tw becomes large, a playback output will also decline. 
[0014] How to consider as the approach of making the width method of an insensible field d small, to 
make thickness of the hard bias layer 18 thin, and to make the value of residual magnetization x 
thickness small can be considered. 

[0015] When the hard bias layer 18 is simply made thin, the coercive force He and the square shape ratio 
of the hard bias layer 18 in near the joint of the hard bias layer 18 and the free magnetic layer 14 fall, 
and it becomes impossible however, to change the free magnetic layer 14 into the stable single domain- 
ized condition. 

[0016] This invention is for solving the above-mentioned conventional technical problem, and it aims at 
offering the magnetic sensing element which can make small the width method of the insensible field in 
multilayers, and its manufacture approach, maintaining the single domain-ized condition of a free 
magnetic layer to stability. 
[0017] 

[Means for Solving the Problem] The multilayers in which the fixed magnetic layer to which, as for this 
invention, the magnetization direction is fixed by the switched connection field with an 
antiferromagnetism layer and said antiferromagnetism layer, a non-magnetic material layer, and 
magnetization have the free magnetic layer changed to an external magnetic field, In the magnetic 
sensing element which has a hard bias layer for arranging the magnetization direction of said free 
magnetic layer in the fixed direction said hard bias layer The 1st hardware bias layer which has 
countered through the bias substrate layer which the side face by the side of said multilayers is directly 
in contact with the side face of said multilayers, or becomes from the side face and non-magnetic 
material of said multilayers, A laminating is carried out directly in contact with the upper layer or the 
lower layer of said 1st hardware bias, and it is characterized by having the 2nd hardware bias layer 
which has a side face by the side of said multilayers in predetermined distance detached building ****** 
from the side face of said multilayers. 

[0018] In this invention, weakening the strength of the static magnetic field of said 1st hardware bias 
layer which arranges the magnetization direction of said free magnetic layer, or ferromagnetic 
association of said free magnetic layer and the 1st hardware bias layer can be weakened by making thin 
thickness of said 1st hardware bias layer. That is, said free magnetic layer of said hard bias layer and the 
value of the residual magnetization x thickness in a close part can be made small. 
[0019] Therefore, the width method of the insensible field formed in said multilayers can be made small, 
a sensibility field can be made large, and the sensibility of a magnetic sensing element can be raised. 
[0020] Furthermore, by carrying out the laminating of said 2nd hardware bias layer by predetermined 
distance detached building ****** directly in contact with the upper layer or the lower layer of said 1st 
hardware bias from the side face of said multilayers, thickness of said hard bias layer is thickened and 
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can enlarge the coercive force He and the square shape ratio of said hard bias layer. Therefore, even if 
the field of disturbance exists, said free magnetic layer can be changed into the stable single domain- 
ized condition. 

[0021] In order to enlarge the coercive force He and the square shape ratio of said hard bias layer, 
making small the width method of the insensible field formed in said multilayers in this invention, it is 
more desirable than the thickness of said 1st hardware bias layer to thicken the thickness of said 2nd 
hardware bias layer. 

[0022] In addition, if the side face by the side of said multilayers has countered through the bias 
substrate layer of lnm or less of thickness which is directly in contact with the side face of said free 
magnetic layer, or consists of the side face and non-magnetic material of said free magnetic layer, since 
said hard bias layer and said free magnetic layer will serve as a continuum magnetically by 
ferromagnetic association and stability of said 1st hardware bias layer will increase, it is desirable. 
[0023] In this invention, moreover, said multilayers and said hard bias layer The up gap layer which is 
formed on the lower gap layer which consists of an insulating ingredient by which a laminating is 
carried out on lower shielding which consists of a magnetic material formed on the substrate, and 
consists of an insulating ingredient on said multilayers and said hard bias layer, The up shielding layer 
which consists of a magnetic material by which a laminating is carried out is formed on said up gap 
layer. The distance between said up shielding layer in the field which laps only with said 1st hardware 
bias layer among said 1st hardware bias layer and said 2nd hardware bias layer, and said lower shielding 
layer Gls, When distance between said up shielding layer in the location which laps with the center of 
said multilayers, and said lower shielding layer is set to Glc, it is desirable to set the value of said 
difference of Gls and Glc below to the value from which the effective width of recording track of a 
magnetic sensing element is set to 0. 17 micrometers. 

[0024] the [ said ] -- since 1 hard bias layer is what is adjoined and prepared in the both sides of said 
multilayers -- the [ said ] -- the distance Gls between said up shielding layer in the field which laps only 
with 1 hard bias layer, and said lower shielding layer will be called the distance between said up 
shielding layer [ / near the both sides of said multilayers ], and said lower shielding layer. 
[0025] If the distance between said up shielding layer [ / near the both sides of said multilayers ] and 
said lower shielding layer becomes large, it will pass along between said up shielding layer and said 
lower shielding layers, the field from the record medium generated from the recording track of the both 
sides of the recording track for detection will become easy to invade into a magnetic sensing element, 
and the effective width of recording track will become large. That is, it becomes easy to generate the 
cross talk between recording tracks. 

[0026] If the value of said difference of Gls and Glc actually becomes large so that it may mention later, 
the effective width of recording track of a magnetic sensing element will also become large. 
[0027] In this invention, by making the value of said difference of Gls and Glc below into a 
predetermined value, it can suppress that the distance between said up shielding layer [ / near the both 
sides of said multilayers ] and said lower shielding layer becomes large, and the effective width of 
recording track can be made small. 

[0028] Moreover, it is desirable that the insulating layer which laps with the part on said 1st hardware 
bias layer and all the fields on said 2nd hardware bias layer is formed. 

[0029] When said insulating layer is formed, the inside of said 1st hardware bias layer and said 2nd 
hardware bias layer, It is the field which laps only with said 1st hardware bias layer, and can set to the 
field which does not lap with said insulating layer. When distance between said up shielding layer in the 
location which laps the distance between said up shielding layer and said lower shielding layer with the 
center of Gls and said multilayers, and said lower shielding layer is set to Glc It is desirable to set the 
value of said difference of Gls and Glc below to the value from which the effective width of recording 
track of a magnetic sensing element is set to 0.17 micrometers. 

[0030] Moreover, it is desirable to set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
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fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0031] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 

[0032] In addition, it is good also as Gls<Glc also as Gls=Glc also considering said Gls and said value 

of Glc as Gls>Glc in said Gls mentioned above and said range of the value of Glc. 

[0033] If it is Gls>Glc, the distance between said up shielding layer [ / near the both sides of said 

multilayers ] and said lower shielding layer is larger than the distance between said up shielding layer in 

the field which laps with said multilayers, and said lower shielding layer (gap length). 

[0034] If it is Gls=Glc, the distance between said up shielding layer [ / near the both sides of said 

multilayers ] and said lower shielding layer is equal to the distance between said up shielding layer in 

the field which laps with said multilayers, and said lower shielding layer (gap length). 

[0035] If it is Gls<Glc, the distance between said up shielding layer [ / near the both sides of said 

multilayers ] and said lower shielding layer is smaller than the distance between said up shielding layer 

in the field which laps with said multilayers, and said lower shielding layer (gap length). 

[0036] In this invention, it is formed in the location which laps with said 1st hardware bias layer, and a 

current can be effectively given to said multilayers by having the 1st electrode layer connected with said 

multilayers directly electrically. 

[0037] Furthermore, it is desirable to have the 2nd electrode layer which is formed in the location which 
laps with said 2nd hardware bias layer, and is connected with said 1st electrode layer directly 
electrically. 

[0038] If thickness of said 1st hardware bias layer and said 1st electrode layer is made small and 
distance between said up shielding layer [ / near the both sides of said multilayers ] and said lower 
shielding layer is made small in order to make the effective width of recording track small, the direct- 
current-resistance value of a magnetic sensing element will become large. 

[0039] The direct-current-resistance value of a magnetic sensing element can be made small, making 
small distance between said up shielding layer [ / near the both sides of said multilayers ], and said 
lower shielding layer, if said 2nd electrode layer is formed in the location which laps with said 2nd 
hardware bias layer. 

[0040] In addition, as for the include angle which a flat surface parallel to said multilayers front face and 
the tangential plane of the front end edge of said 2nd electrode layer make, it is desirable that it is 
smaller than the include angle which a flat surface parallel to said multilayers front face and the 
tangential plane of the front end edge of said 1st electrode layer make. Moreover, as for said 2nd 
electrode layer, it is desirable that thickness is thicker than said 1st electrode layer. 
[0041] Moreover, in this invention, the direct-current-resistance value of a magnetic sensing element can 
be made small by making the depth die length of the height direction of the 1st electrode layer longer 
than the depth die length of the height direction of said multilayers. 

[0042] In addition, said 1st electrode layer so that it may be hard to generate a smear in the process 
which grinds an opposed face with the record medium of a magnetic sensing element, and adjusts a 
direct-current-resistance value It is desirable to form using any one sort of W, Ta, Rh, Ir, and Ru or two 
sorts or more, and to form the ingredient of said 2nd electrode layer using the small ingredient of 
specific resistance of Cr, Cu, Au, and Ta, such as any one sort or two etc. sorts or more. 
[0043] The effective width of recording track is measured by the full truck profile method or the micro 
truck profile method. Hereafter, it explains, referring to drawing 26 about the full truck profile method. 
[0044] Record the signal on the record medium with the recording track of the recording track width of 
face Ww broader than the component width of face of the magnetic sensing element R, the magnetic 
sensing element R is made to scan crosswise [ truck ] (the direction of X) on a recording track, and the 
relation between the location of the recording track cross direction (the direction of X) of the magnetic 
sensing element R and a playback output is measured. The measurement result is shown in the drawing 
26 bottom. 
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[0045] When the playback wave of this measurement result is seen, near the center of a recording track, 
it turns out that a playback output becomes low as a playback output becomes high and it separates from 
the center of a recording track. 

[0046] The intersection of the tangent and the X-axis in the point Pa that the playback output on a 
playback wave becomes 50% of maximum, and Point Pb is made into Point Pc and Point Pd, 
respectively. The difference of the distance A between Point Pc and Point Pd and the distance B between 
Point Pa and Point Pb (half-value width) serves as the effective width of recording track of a magnetic 
sensing element. Here, the unit of the X-axis is standardized so that it may become the half- value-width 
B= recording track width of face Ww. 

[0047] The process at which the manufacture approach of the magnetic sensing element of this invention 
forms the multilayers which demonstrate a lower shielding layer, a lower gap layer, and a magneto- 
resistive effect on the (a) substrate, (b) The process which forms the 1st resist layer on said multilayers, 
and the process which deletes the field which is not covered with said 1st resist layer of the (c) 
aforementioned multilayers, (d) The process which forms the 1st hardware bias layer to the both-sides 
field of said multilayers, (e) The process which forms the process which removes said 1st resist layer, 
and the 2nd resist layer for lift off in which (f) slitting section was formed on the field which laps with 
said multilayers and said 1st hardware bias layer, (g) The process which deletes said 1st hardware bias 
layer in predetermined thickness after the mask has been carried out by said 2nd resist layer, (h) - the 
[ which was deleted in predetermined thickness / said ] - 1 hard bias layer top - the - the process 
which carries out the laminating of the 2 hard bias layer, and (i) ~ it is characterized by having the 
process which removes said 2nd resist layer. 

[0048] In addition, in the process of the above (h), it is desirable to form the thickness of said 2nd 
hardware bias layer thickly rather than the thickness of the 1st hardware bias layer. 
[0049] Moreover, if it has the process which forms the bias substrate layer which consists of a non- 
magnetic material from [ of a substrate ] a normal before forming said 1st hardware bias layer in the 
process of the above (d) The side face of said free magnetic layer can be directly touched in the side face 
by the side of said multilayers of said 1st hardware bias layer. Or the side face by the side of said 
multilayers of said 1st hardware bias layer can be countered through the bias substrate layer of lnm or 
less of thickness which consists of the side face and non-magnetic material of said free magnetic layer. 
Since said hard bias layer and said free magnetic layer can be used as the magnetic continuum by 
ferromagnetic association, it is desirable. 
[0050] 

[Embodiment of the Invention] Drawing 1 is the sectional view which saw the magnetic sensing element 
of the gestalt of operation of the 1st of this invention from the opposed face side with a record medium. 
[0051] the [ the fixed magnetic layer 35 of the synthetic ferry PINDO mold which consists of the 
substrate layer 33, the antiferromagnetism layer 34, 1st fixed magnetic layer 35a, nonmagnetic middle 
class 35b, and 2nd fixed magnetic layer 35c in drawing 1 , the non-magnetic material layer 36, and ] - 
the [ 2 free magnetic layer 37a, nonmagnetic middle class 37b, and ] - the multilayers T to which the 
laminating of the free magnetic layer 37 of the synthetic ferry free mold which consists of 1 free 
magnetic layer 37c, and the protective layer 38 was carried out are formed. 

[0052] The lower shielding layer 3 1 and the lower gap layer 32 are formed on the substrate (not shown) 
by the lower layer of Multilayers T through the substrate layer (not shown) which consists of insulating 
ingredients, such as an alumina. 

[0053] The antiferromagnetism layer 34 in Multilayers T is extended in the direction of illustration X, 
and the bias substrate layer 39 is formed of Cr, Ti, Mo, W50Mo50, etc. in contact with the top face of 
this extension section 34b, the side face of the fixed magnetic layer 35, the side face of the non-magnetic 
material layer 36, and the side face of 2nd free magnetic layer 37a. 

[0054] The 1st hardware bias layer 40 is formed on the bias substrate layer 39. As for the 1st hardware 
bias layer 40, side-face 40a by the side of Multilayers T has countered the side face Ts of Multilayers T 
through the bias substrate layer 39. 

[0055] The laminating of the 2nd hardware bias layer 42 is carried out to the upper layer of the 1st 
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hardware bias layer 40. Side-face 42a by the side of the multilayers T of the 2nd hardware bias layer 42 
is prepared in the location which only the predetermined distance Sp separated from the side face Ts of 
Multilayers T. The predetermined distance Sp is set up as a distance to which the field generated from 
the 2nd hardware bias layer 42 does not act on the free magnetic layer 37 in Multilayers T directly. In 
addition, directly in contact with the 1st hardware bias layer 40 top, the laminating of the 2nd hardware 
bias layer 42 is carried out. 

[0056] The 1st hardware bias layer 40 and the 2nd hardware bias layer 42 are formed with for example, 
the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc., and are magnetized 
in the direction of illustration X (truck cross direction). 

[0057] On the 1st hardware bias layer 40, the electrode layer (the 1st electrode layer) 43 which the 
interlay er 41 formed by non-magnetic materials, such as Ta, was formed, and was formed by Cr, Au, Ta, 
W, Rh, Ir, Ru, etc. on this interlayer 41 is formed. 

[0058] Since it is formed in the location which laps with the 1st hardware bias layer 40 and connects 
with Multilayers T directly electrically, the electrode layer 43 can give a current to Multilayers T 
effectively. 

[0059] The up gap layer 44 is formed by the front face of Multilayers T, the front face of the electrode 
layer 43, and the front face of the 2nd hardware bias layer 42, and the up shielding 45 is formed on the 
up gap layer 44. The up shielding layer 45 is covered with the protective layer 46 which consists of an 
inorganic insulating material. Moreover, after forming the INDAKU tape head for record on the up 
shielding layer 45, the whole may be covered by the protective layer. 
[0060] The lower shielding layer 31, the lower gap layer 32, the substrate layer 33, the 
antiferromagnetism layer 34, the fixed magnetic layer 35, the non-magnetic material layer 36, the free 
magnetic layer 37, a protective layer 38, the bias substrate layer 39, the 1st hardware bias layer 40, the 
middle class 41, the 2nd hardware bias layer 42 electrode layer 43, the up gap layer 44, the up shielding 
layer 45, and a protective layer 46 are formed of thin film formation processes, such as a spatter and 
vacuum deposition. 

[0061] The lower shielding layer 31 and the up shielding layer 45 are formed using magnetic materials, 
such as NiFe. In addition, as for the lower shielding layer 31 and the up shielding layer 45, it is desirable 
that the easy axis has turned to the truck cross direction (the direction of illustration X). In addition, the 
lower shielding layer 31 and the up shielding layer 45 may be formed of an electrolytic plating process. 
[0062] The lower gap layer 32, the up gap layer 44, and a protective layer 46 are formed using 
nonmagnetic inorganic materials, such as aluminum 203 and Si02. The substrate layer 33 is formed 
using Ta, NiFeCr, etc. 

[0063] The antiferromagnetism layer 34 is a PtMn alloy or a X-Mn (however, X is one-sort [ any ] or 
two sorts or more of elements of Pd, Ir, Rh, Ru, Os, nickel, and Fe) alloy, or is formed with a Pt-Mn- 
X 1 (however, X' is any 1 or two or more sorts of elements of Pd, Ir, Rh, Ru, Au, Ag, Os, Cr, nickel, Ar, 
Ne, Xe, and Kr) alloy. 

[0064] In the condition immediately after membrane formation, although these alloys are the face 
centered cubic structures (fee) of an irregular system, they carry out a structure transformation by heat 
treatment at the face-centered square structure (fct) of a CuAul type rule mold. 
[0065] The thickness of the antiferromagnetism layer 34 is 80-300A, for example, 200A, in near the 
core of the truck cross direction. 

[0066] In the alloy shown here by said PtMn alloy for forming the antiferromagnetism layer 34, and the 
formula of said X-Mn, it is desirable that the range of Pt or X is 37 - 63at%. Moreover, in the alloy 
shown by said PtMn alloy and the formula of said X-Mn, it is more desirable that the range of Pt or X is 
47 - 57at%. Unless it specifies especially, the upper limit and minimum of the numerical range shown 
by - mean the above hereafter. 

[0067] Moreover, in the alloy shown by the formula of Pt-Mn-X 1 , it is desirable that the range of XM-Pt 
is 37 - 63at%. Moreover, in the alloy shown by the formula of said Pt-Mn-X', it is more desirable that 
the range of X'+Pt is 47 - 57at%. Furthermore, in the alloy shown by the formula of said Pt-Mn-X', it is 
desirable that the range of X' is 0.2 - 10at%. However, when X' is any one sort or two sorts or more of 
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elements of Pd, Ir, Rh, Ru, Os, nickel, and Fe, as for X', it is desirable that it is the range of 0.2 - 40at%. 
[0068] The antiferromagnetism layer 34 which generates a big switched connection field between 1st 
fixed magnetic layer 35a can be obtained by using these alloys and heat-treating this. Especially, if it is a 
PtMn alloy, it has 48 or more kA/m, for example, the switched connection field which exceeds m in 
64kA /, and the blocking temperature which loses said switched connection field can obtain 380 degrees 
C and the outstanding, very high antiferromagnetism layer 34. 

[0069] As for 1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c, it is desirable for it to be 
formed with a ferromagnetic ingredient, and to be formed with a NiFe alloy, Co, a CoFeNi alloy, a CoFe 
alloy, a CoNi alloy, etc., for example, to be formed especially of a CoFe alloy or Co. Moreover, as for 
1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c, being formed with the same ingredient is 
desirable. 

[0070] Moreover, nonmagnetic interlayer 35b is formed of a non-magnetic material, and is formed 
among Ru, Rh, Ir, Cr, Re, and Cu with one sort or these two sorts or more of alloys. Being formed 
especially of Ru is desirable. 

[0071] The non-magnetic material layer 36 is a layer in which magnetic association with the fixed 
magnetic layer 35 and the free magnetic layer 37 is prevented, and a sense current mainly flows, and it is 
desirable to be formed of the non-magnetic material which has conductivity, such as Cu, Cr, Au, and 
Ag. Being formed especially of Cu is desirable. 

[0072] the - the [ 1 free magnetic layer 37c and ] - as for 2 free magnetic layer 37a, it is desirable for it 
to be formed with a ferromagnetic ingredient, and to be formed with a NiFe alloy, Co, a CoFeNi alloy, a 
CoFe alloy, a CoNi alloy, etc., for example, to be especially formed with a NiFe alloy or a CoFeNi 
alloy, and a CoFe alloy. 

[0073] Nonmagnetic interlayer 37b is formed of a non-magnetic material, and is formed among Ru, Rh, 
Ir, Cr, Re, and Cu with one sort or these two sorts or more of alloys. Being formed especially of Ru is 
desirable. 

[0074] A protective layer 38 is formed using Ta etc. If a substrate layer is formed using Cr, Ti, Mo, 
W50Mo50, etc. whose crystal structure is bcc (body-centered cubic lattice) structure about the bias 
substrate layer 39, the coercive force and the remanence ratio of the 1st hardware bias layer 40 and the 
2nd hardware bias layer 42 will become large, and can enlarge a bias field. 

[0075] The multilayers T of the 1st hardware bias layer 40 and side-face 40a of the side which counters 
have countered only with the side face of the fixed magnetic layer 35, the side face of the non-magnetic 
material layer 36, and the side face of 2nd free magnetic layer 37a, and the side face of 1 st free magnetic 
layer 37c has not countered. By the bias field to the direction of X from the hard bias layer 40, 
magnetization of 2nd free magnetic layer 37a is arranged in the direction of illustration X. 
[0076] the [ from which the free magnetic layer 37 differs in the magnitude of the magnetic moment ] ~ 
the [ 2 free magnetic layer 37a and ] ~ 1 free magnetic layer 37c carries out a laminating through 
nonmagnetic interlayer 37b - having - the - the [ 2 free magnetic layer 37a and ] - the magnetization 
direction of 1 free magnetic layer 37c - anti- - it is in the ferrimagnetism condition which becomes 
parallel, this time - the one where the magnetic moment is larger, the [ for example, ], - the 
magnetization direction of 2 free magnetic layer 37a - the - the direction of the field generated from 1 
hard bias layer 40 ~ suitable - the -- an opposite direction will be turned to the magnetization direction 
of 1 free magnetic layer 37c 180 degrees 

[0077] the - the [ 2 free magnetic layer 37a and ] - if the magnetization direction of 1 free magnetic 
layer 37c will be in a ferrimagnetism condition of anti-parallel different 180 degrees, effectiveness 
equivalent to making thickness of the free magnetic layer 37 thin will be acquired, the effectual 
magnetic moment per unit area will become small, it will become easy to change magnetization of the 
free magnetic layer 37, and the field detection sensitivity of a magnetic sensing element will improve. 
[0078] The direction of the synthetic magnetic moment which added the magnetic moment of 2nd free 
magnetic layer 37a and the magnetic moment of 1st free magnetic layer 37c turns into the magnetization 
direction of the free magnetic layer 37. 

[0079] However, it is only the magnetization direction of 2nd free magnetic layer 37a which is 
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contributed to an output by relation with the magnetization direction of the fixed magnetic layer 35. 
[0080] The 1st hardware bias layer 40 should just arrange one magnetization direction among 2nd free 
magnetic layer 37a which constitutes the free magnetic layer 37, and 1st free magnetic layer 37c. In 
drawing 1 , only the magnetization direction of 2nd free magnetic layer 37a is arranged. If the 
magnetization direction of 2nd free magnetic layer 37a is arranged in the fixed direction, 1st free 
magnetic layer 37c will be in the ferrimagnetism condition that the magnetization direction serves as 
anti-parallel, and the magnetization direction of the free magnetic layer 37 whole will be arranged in the 
fixed direction. 

[0081] With the gestalt of this operation, the 1st hardware bias layer 40 mainly gives the static magnetic 
field of the direction of illustration X to 2nd free magnetic layer 37a. the [ therefore, ] - the static 
magnetic field of the direction of illustration X generated from 1 hard bias layer 40 - the it can 
suppress that the magnetization direction (the direction of illustration X and reverse sense) of 1 free 
magnetic layer 37c is disturbed. 

[0082] Moreover, in drawing 1 , that to which the laminating of 1st fixed magnetic layer 35a and 2nd 
fixed magnetic layer 35c from which the magnetic moment differs was carried out through nonmagnetic 
interlay er 35b functions as one fixed magnetic layer 35. 

[0083] By forming 1st fixed magnetic layer 35a in contact with the antiferromagnetism layer 34, and 
giving annealing in a magnetic field, the exchange anisotropy field by switched connection arises in the 
interface of 1st fixed magnetic layer 35a and the antiferromagnetism layer 34, and the magnetization 
direction of 1st fixed magnetic layer 35a is fixed in the direction of illustration Y. When the 
magnetization direction of 1st fixed magnetic layer 35a is fixed in the direction of illustration Y, the 
magnetization direction of 2nd fixed magnetic layer 35c which counters through nonmagnetic interlayer 
35b is fixed in the magnetization direction of said 1st fixed magnetic layer 35a, and the condition of 
anti-parallel. 

[0084] Thus, since 1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c fix the magnetization 
direction of another side mutually and suit when the magnetization direction of 1st fixed magnetic layer 
35a and 2nd fixed magnetic layer 35c is in the ferrimagnetism condition used as anti-parallel, the 
magnetization direction of the fixed magnetic layer 35 is powerfully fixable in the fixed direction as a 
whole. 

[0085] In addition, the direction of the synthetic magnetic moment which added the magnetic moment of 
1st fixed magnetic layer 35a and the magnetic moment of 2nd fixed magnetic layer 35c turns into the 
magnetization direction of the fixed magnetic layer 35. 

[0086] In drawing 1 , each magnetic moment is changed by forming 1st fixed magnetic layer 35a and 
2nd fixed magnetic layer 35c using the same ingredient, and changing each thickness further. 
[0087] Moreover, the anti-field (dipole field) by fixed magnetization of 1st fixed magnetic layer 35a and 
2nd fixed magnetic layer 35c is cancellable when static magnetic field association of 1st fixed magnetic 
layer 35a and 2nd fixed magnetic layer 35c negates each other mutually. Thereby, the contribution to the 
fluctuation magnetization of the free magnetic layer 37 from the anti-field (dipole field) by fixed 
magnetization of the fixed magnetic layer 35 can be decreased. 

[0088] Therefore, it becomes easier to amend the direction of fluctuation magnetization of the free 
magnetic layer 37 towards desired, and it becomes possible to obtain the spin bulb mold thin film 
magnetic cell which was excellent in symmetry with small asymmetry. 

[0089] Here, when asymmetry shows the asymmetric degree of a playback output wave and a playback 
output wave is given, asymmetry will become small if the wave is symmetrical. Therefore, the playback 
output wave will be excellent in symmetric property, so that asymmetry approaches 0. 
[0090] Said asymmetry is set to 0 when the direction of magnetization of the free magnetic layer 37 and 
the direction of fixed magnetization of the fixed magnetic layer 35 lie at right angles. If asymmetry 
shifts greatly, reading of the information from media will become impossible correctly, and will cause 
an error. For this reason, the dependability of regenerative-signal processing will improve as a thing 
with said small asymmetry, and it becomes what was excellent as a spin bulb thin film magnetic cell. 
[0091] Moreover, although the anti-field (dipole field) Hd by fixed magnetization of a fixed magnetic 
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layer has uneven distribution that it is large and small in the center section, at the edge in the component 
height direction and single domain-ization in the free magnetic layer 37 may be barred It can prevent 
that can set the dipole field Hd to Hd=0 mostly, and a magnetic domain wall is made in the free 
magnetic layer 37 by this, the ununiformity of magnetization occurs, and a Barkhausen noise etc. occurs 
by making the fixed magnetic layer 35 into the above-mentioned laminated structure. 
[0092] In addition, if the middle class 41 who consists of Ta or Cr is formed between the electrode layer 
43 and the 1st hardware bias layer 40, thermal diffusion can be prevented and degradation of the 
magnetic properties of the 1 st hardware bias layer 40 can be prevented. 

[0093] In using Ta as an electrode layer 43, it becomes easy to make the crystal structure of Ta by which 
a laminating is carried out to the upper layer of Cr by forming the interlayer 41 of Cr into the body- 
centered cubic structure of low resistance. 

[0094] Moreover, when using Cr as an electrode layer 43, by forming the interlayer 41 of Ta, Cr grows 
epitaxial and can reduce resistance. 

[0095] The magnetic sensing element shown in drawing 1 is the so-called spin bulb mold MAG sensing 
element, the magnetization direction of the fixed magnetic layer 35 is fixed in the direction parallel to 
the direction of illustration Y proper, moreover, magnetization of the free magnetic layer 37 is arranged 
in the direction of illustration X proper, and orthogonality relation has magnetization of the fixed 
magnetic layer 35 and the free magnetic layer 37. And to the external magnetic field from a record 
medium, magnetization of the free magnetic layer 37 is changed with sufficient sensibility, electric 
resistance changes by the relation between fluctuation of this magnetization direction, and the fixed 
magnetization direction of the fixed magnetic layer 35, and the leakage field from a record medium is 
detected by the electrical-potential-difference change based on this electric resistance value change. 
[0096] however, contributing to an electric resistance value change (output) directly - the [ the 
magnetization direction of 2nd fixed magnetic layer 35c, and ] ~ it is the angular relation of the 
magnetization direction of 2 free magnetic layer 37a, and it is desirable to lie at right angles in the 
condition that the condition and signal field which the detection current is energizing [ such angular 
relation ] are not impressed. 

[0097] In the magnetic sensing element of the gestalt of this operation, magnetic field strength which the 
1st hardware bias layer 40 which arranges the magnetization direction of 2nd free magnetic layer 37a 
generates can be weakened by making thin thickness tl of the 1st hardware bias layer 40. That is, the 
value of the residual magnetization x thickness of the 1st hardware bias layer 40 in 2nd free magnetic 
layer 37a and a close part can be made small. 

[0098] Therefore, the width method of the insensible field formed in Multilayers T can be made small, a 
sensibility field can be made large, and the sensibility of a magnetic sensing element can be raised. 
[0099] furthermore, the location which only the predetermined distance Sp separated from the side face 
Ts of Multilayers T ~ the ~ 2 hard bias layer 42 - the ~ by carrying out a laminating directly in contact 
with the upper layer of 1 hard bias layer 40, thickness of the hard bias layer H is thickened and can 
enlarge the coercive force He and the square shape ratio of the hard bias layer H. Therefore, even if the 
field of disturbance exists, the free magnetic layer 37 can be changed into the stable single domain-ized 
condition. 

[0100] With the gestalt of this operation, in order to enlarge the coercive force He and the square shape 
ratio of the hard bias layer H, making small the width method of the insensible field formed in 
Multilayers T, the thickness t2 of the 2nd hardware bias layer is made thicker than the thickness tl of the 
1 st hardware bias layer 40. 

[0101] moreover - drawing 1 « the - the upper layer of 1 hard bias layer 40 - the ~ although the 

laminating of the 2 hard bias layer 42 is carried out - the - the lower layer of 1 hard bias layer 40 ~ 

direct - touching - the - the laminating of the 2 hard bias layer 42 may be carried out. 

[0102] Drawing 2 is the sectional view which saw the magnetic sensing element of the gestalt of 

operation of the 2nd of this invention from the opposed face side with a record medium. 

[0103] By the magnetic sensing element of drawing 2 , thickness t2 of the 2nd hardware bias layer 42 is 

made thicker than the magnetic sensing element of drawing 1 , as a result, the both-sides section of the 
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up shielding layer 45 bends to the illustration upper part (the direction of Y), and it differs from the 
magnetic sensing element of drawing 1 in that the distance between the up shielding layer 45 and the 
lower shielding layer 31 is large. 

[0104] If the distance between the up shielding layer [ / near the both sides of Multilayers T ] 45 and the 
lower shielding layer 31 becomes large, it will pass along between the up shielding layer 45 and the 
lower shielding layers 31, a field will become easy to enter, and effective width-of-recording-track E-Tw 
will become large. Then, the field from the record medium generated from the recording track of the 
both sides of the recording track for detection becomes easy to invade into a magnetic sensing element, 
and it becomes easy to generate the cross talk between recording tracks. 

[0105] With the gestalt of this operation, then, the inside of the 1st hardware bias layer 40 and the 2nd 
hardware bias layer 42, The distance between the up shielding layer 45 in the field SI which laps only 
with the 1st hardware bias layer 40, and the lower shielding layer 31 Gls, By making the value of said 
difference of Gls and Glc below into a predetermined value, when distance between the up shielding 
layer 45 in the location which laps with the center C of multilayers, and the lower shielding layer 31 is 
set to Glc It suppresses that the distance between the up shielding layer [ / near the both sides of 
Multilayers T ] 45 and the lower shielding layer 31 becomes large, and enables it to make small 
effective width-of-recording-track E-Tw. 

[0106] If the value of said difference of Gls and Glc is made small so that it may mention later, effective 
width-of-recording-track E-Tw of a magnetic sensing element will also become small. It is desirable to 
set the value of said difference of Gls and Glc here below to the value from which effective width-of- 
recording-track E-Tw of a magnetic sensing element is set to 0.17 micrometers. 
[0107] In addition, top-face 42b of the 2nd hardware bias layer 42 may be located in illustration down 
(Y opposite direction) from the production B of top-face 43a of the 1st electrode layer 43. 
[0108] Drawing 3 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 3rd of this invention from the opposed face side with a record medium. 
[0109] the magnetic sensing element shown in drawing 3 - the ~ the electrode layer (the 1st electrode 
layer) 43 formed in the location which laps with 1 hard bias layer 40 - in addition, the 2nd electrode 
layer 51 - the - it differs from the magnetic sensing element the point currently formed in the location 
which laps with 2 hard bias layer 42 was indicated to be to drawing 1 . In addition, the 2nd electrode 
layer 51 and the 1st electrode layer 43 are connected directly electrically. 

[01 10] If thickness of the 1st hardware bias layer 40 and the 1st electrode layer 43 is made small and 
distance between the up shielding layer [ / near the both sides of Multilayers T ] 45 and the lower 
shielding layer 31 is made small in order to make small effective width-of-recording-track E-Tw, the 
direct-current-resistance value of a magnetic sensing element will become large. Then, if the 2nd 
electrode layer 51 is formed in the location which laps with the 2nd hardware bias layer 42 like drawin g 
3 , although distance between the up shielding layer [ / near the both sides of Multilayers T ] 45 and the 
lower shielding layer 31 will be made small, the direct-current-resistance value of a magnetic sensing 
element can be made small. 

[0111] If the middle class 50 who consists of Ta or Cr is formed between the 2nd electrode layer 51 and 
the 2nd hardware bias layer 42, thermal diffusion can be prevented and degradation of the magnetic 
properties of the 2nd hardware bias layer 42 can be prevented. 

[01 12] In using Ta as the 2nd electrode layer 51, it becomes easy to make the crystal structure of Ta by 
which a laminating is carried out to the upper layer of Cr by forming the interlay er 50 of Cr into the 
body-centered cubic structure of low resistance. 

[0113] Moreover, when using Cr as the 2nd electrode layer 51, by forming the interlayer 50 of Ta, Cr 
grows epitaxial and can reduce resistance. 

[0114] In addition, as for the include angle theta 2 which a flat surface parallel to a multilayers T front 
face and the tangential plane of the front end edge of the 2nd electrode layer 51 make, it is desirable that 
it is smaller than the include angle theta 1 which a flat surface parallel to a multilayers T front face and 
the tangential plane of the front end edge of the 1st electrode layer 43 make. thetal> If theta 2, supply of 
the current to Multilayers T can be stabilized from the 1st electrode layer 43 by which direct 
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continuation is carried out to Multilayers T. 

[0115] Moreover, in order to suppress that the distance between the up shielding layer [ / near the both 
sides of Multilayers T ] 45 and the lower shielding layer 31 becomes large and to make small the direct- 
current-resistance value of a magnetic sensing element, it is desirable to make thickness t4 of the 2nd 
electrode layer 51 thicker than the thickness t3 of the 1st electrode layer 43. 

[0116] In addition, the 1st electrode layer 43 and the 2nd electrode layer 51 can be formed, using W, Ta, 
Cr, Cu, Rh, Ir, Ru, Au, etc. as an ingredient. It is desirable to form using hard ingredients, such as W, 
Ta, Rh, Ir, and Ru, and to form the 2nd electrode layer 51 using the small ingredient of specific 
resistance, such as Cr, Cu, Au, and Ta, so that it may be hard to generate a smear in the process which 
grinds an opposed face with the record medium of a magnetic sensing element for the 1st electrode layer 
43 especially connected with Multilayers T electrically, and adjusts a direct-current-resistance value. 
[0117] Moreover, in drawing 3 , the insulating layer 52 which laps with the part on said 1st hardware 
bias layer 40 and all the fields on said 2nd hardware bias layer 42 is formed, and the electric insulation 
between the 2nd electrode layer 51 and the up shielding layer 45 can be more certainly taken by this. 
[0118] When an insulating layer 52 is formed, the inside of the 1st hardware bias layer 40 and the 2nd 
hardware bias layer 42, It is the field which laps only with the 1st hardware bias layer 40, and can set to 
the field SI which does not lap with an insulating layer 52. When distance between the up shielding 
layer 45 in the location which laps the distance between the up shielding layer 45 and the lower 
shielding layer 31 with the center C of Gls and Multilayers T, and the lower shielding layer 31 is set to 
Glc It is desirable to set the value of said difference of Gls and Glc below to the value from which 
effective width-of-recording-track E-Tw of a magnetic sensing element is set to 0.17 micrometers. 
[01 19] In order to connect directly electrically the 2nd electrode layer 51 and the 1st electrode layer 43, 
it is desirable that inferior-surface-of-tongue 51a of the 2nd electrode layer 51 is located in illustration 
down (Y opposite direction) from the production B of top-face 43 a of the 1st electrode layer 43. 
However, inferior-surface-of-tongue 51a of the 2nd electrode layer 51 may be formed in the same height 
location as the production B of top-face 43a of the 1st electrode layer 43, and may be located in 
illustration above (the direction of Y) from the production B of top-face 43a of the 1st electrode layer 
43. In this case, the current passed by the 2nd electrode layer 51 flows in the 1st electrode layer 43 
through the 2nd hardware bias layer 42. 

[0120] Moreover, as shown in drawing 4 , only the 2nd electrode layer 51 formed in the location which 
laps with the 2nd hardware bias layer 42 does not need to be formed, and the 1st electrode layer does not 
need to be formed. 

[0121] In addition, in the magnetic sensing element of the gestalt of operation shown in drawing 4 from 
drawing 1 , ridge 34a is formed in the central part of the antiferromagnetism layer 34, and extension 
section 34b prolonged for a long time is formed crosswise [ truck ] from the end face of the both-sides 
end face in the truck cross direction (the direction of illustration X) of ridge 34a. 
[0122] Extension section 34b is formed in the antiferromagnetism layer 34, it has sufficient volume for 
the both-sides end face of the free magnetic layer 37, and the 1st hardware bias layer 40 can be made to 
counter on this extension section 34b with the structure which carries out the laminating of the 1st 
hardware bias layer 40 through the bias substrate layer 39. 

[0123] However, as shown in drawing 5 , extension section 34b does not need to be formed in the 
antiferromagnetism layer 34. Moreover, in drawing 5 , it is good also as structure where the substrate 
layer 33 is formed only in contact with the inferior surface of tongue of the antiferromagnetism layer 34, 
and the bias substrate layer 39 touches the lower gap layer 32 directly. 

[0124] Moreover, in the magnetic sensing element of the gestalt of operation shown in drawing 5 from 
drawing 1 , the side face Ts of the multilayers T of the 1st hardware bias layer 40 and side-face 40a of 
the side which counters have countered only with the side face of the fixed magnetic layer 35, the side 
face of the non-magnetic material layer 36, and the side face of 2nd free magnetic layer 37a, and the side 
face of 1st free magnetic layer 37c has not countered. However, as shown in drawing 6 , side-face 40a of 
the hard bias layer 40 may counter with the side face of the side face of the fixed magnetic layer 35, the 
side face of the non-magnetic material layer 36, 2nd free magnetic layer 37a, nonmagnetic interlayer 
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37b, and 1st free magnetic layer 37c. 

[0125] Drawing 7 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 7th of this invention from the opposed face side with a record medium. 
[0126] The magnetic sensing element of the gestalt of operation shown in drawing 7 differs from the 
magnetic sensing element of drawing 3 in that the 1st electrode layer 43 is extended and formed even on 
the insensible field d of Multilayers T. 

[0127] By the bias field to the direction of X from the hard bias layer H, magnetization of the free 
magnetic layer 37 is arranged in the direction of illustration X. 

[0128] By the way, as shown in drawing 7 , the field located in the center of Multilayers T is the 
sensibility field e, and the both sides are insensible fields d and D. 

[0129] In the sensibility field e, magnetization of the fixed magnetic layer 35 is fixed to an illustration Z 
direction proper, moreover, magnetization of the free magnetic layer 37 is arranged in the direction of 
illustration X proper, and orthogonality relation has magnetization of the fixed magnetic layer 35 and the 
free magnetic layer 37. And to the external magnetic field from a record medium, magnetization of the 
free magnetic layer 37 is changed with sufficient sensibility, electric resistance changes by the relation 
between fluctuation of this magnetization direction, and the fixed magnetization direction of the fixed 
magnetic layer 35, and the leakage field from a record medium is detected by the electrical-potential- 
difference change based on this electric resistance value change. 

[0130] That is, the sensibility field e of Multilayers T is a part in which a magneto-resistive effect is 
demonstrated substantially, and a regenerative function commits it good in this part. 
[0131] On the other hand, in the insensible fields d and D located in the both sides of the sensibility field 
e, magnetization of the fixed magnetic layer 35 and the free magnetic layer 37 is strongly influenced [ of 
magnetization ] from the 1st hardware bias layers 40 and 40, and magnetization of the free magnetic 
layer 37 has stopped being able to change easily to the external magnetic field. That is, an insensible 
field d has a weak magneto-resistive effect, and is a field to which the regenerative function fell. 
[0132] Since the 1st electrode layer 43 is extended and formed even on the insensible field d of 
Multilayers T in drawing 7 The sense current from the 1st electrode layer 43 stops easily being able to 
flow in the 1st hardware bias layer 40. By being able to make [ many ] the rate of passing said sense 
current to the direct multilayers T, without minding the 1st hardware bias layer 40, and moreover 
extending and forming the 1st electrode layer 43 even on an insensible field d Since the plane-of- 
composition product of Multilayers T and the 1st electrode layer 43 also becomes large, a direct-current- 
resistance value (DCR) can be lowered, and it is possible to raise reproducing characteristics. 
[0133] Moreover, if the 1st electrode layer 43 is extended and formed on an insensible field d, a sense 
current can suppress generating many influx noises to an insensible field d. 
[0134] Drawing 8 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 8th of this invention from the opposed face side with a record medium. 
[0135] In the magnetic sensing element shown in drawing 8 , the bias substrate layer 39 is formed only 
on extension section 34b of the antiferromagnetism layer 34. Therefore, as for the 1st hardware bias 
layer 40, side-face 40a by the side of Multilayers T is directly in contact with the side face of 2nd free 
magnetic layer 37a. Then, the 1st hardware bias layer 40 and 2nd free magnetic layer 37a become a 
continuum magnetically, it can prevent an anti-field occurring in the side edge section of 2nd free 
magnetic layer 37a, and stability increases. 

[0136] If it is not formed on the side face of 2nd free magnetic layer 37a even when the bias substrate 
layer 39 is formed on the side face of Multilayers T, the side face of the 1st hardware bias layer 40 and 
2nd free magnetic layer 37a is contacted directly. 

[0137] the [ or ] - the [ 1 hard bias layer 40 and ] - the case where the bias substrate layer 39 is formed 
between 2 free magnetic layer 37a - the - the [ 1 hard bias layer 40 and ], if the thickness of the bias 
substrate layer 39 between 2 free magnetic layer 37a is lnm or less Through the pinhole produced in the 
bias substrate layer 39, the 1st hardware bias layer 40 and 2nd free magnetic layer 37a become a 
continuum magnetically, it can prevent an anti-field occurring in the side edge section of 2nd free 
magnetic layer 37a, and stability increases. 
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[0138] Drawing 9 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 9th of this invention from the opposed face side with a record medium. 
[0139] The magnetic sensing element shown in drawing 9 makes reverse sequence of the laminating of 
the multilayers T of the magnetic sensing element which multilayers Tl show to drawin g 1 thru/or 
drawing 8 . that is, - drawing 9 - the substrate layer 33 top - the - the [ 1 free magnetic layer 37c, 
nonmagnetic middle class 37b, and ] - the laminating of the free magnetic layer 37 of the synthetic ferry 
free mold which consists of 2 free magnetic layer 37a, the non-magnetic material layer 36, 2nd fixed 
magnetic layer 35c, nonmagnetic middle class 35b, the fixed magnetic layer 35 of the synthetic ferry 
PINDO mold which consists of 1st fixed magnetic layer 35a, the antiferromagnetism layer 34, and the 
protective layer 38 is carried out continuously. 

[0140] In contact with the top face of the substrate layer 33, and the side face of 2nd free magnetic layer 
37a, the bias substrate layer 60 is formed of Cr etc. The 1st hardware bias layer 61 is formed on the bias 
substrate layer 60. As for the 1st hardware bias layer 61, side-face 61a by the side of multilayers Tl has 
countered through the bias substrate layer 60. 

[0141] The laminating of the 2nd hardware bias layer 63 is carried out to the upper layer of the 1st 
hardware bias layer 61. Side-face 63a by the side of the multilayers Tl of the 2nd hardware bias layer 63 
is prepared in the location which only the predetermined distance Spl left from side-face Tls of 
multilayers Tl. The predetermined distance Spl is set up as a distance to which the field generated from 
the 2nd hardware bias layer 63 does not act on the free magnetic layer 37 in multilayers Tl directly. In 
addition, directly in contact with the 1st hardware bias layer 61 top, the laminating of the 2nd hardware 
bias layer 63 is carried out. 

[0142] The 1st hardware bias layer 61 and the 2nd hardware bias layer 63 are formed with for example, 
the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc., and are magnetized 
in the direction of illustration X (truck cross direction). 

[0143] On the 1st hardware bias layer 61, the interlayer 62 formed by non-magnetic materials, such as 
Ta, is formed, and the 1st electrode layer 64 is formed on this interlayer 62. 
[0144] Furthermore, the 2nd electrode layer 66 is formed in the location which laps with the 2nd 
hardware bias layer 63. In addition, the 2nd electrode layer 66 and the 1st electrode layer 64 are 
connected directly electrically. 

[0145] the [ the 1st electrode layer 64 and ] - the [ between 1 hard bias layers 61 and the 2nd electrode 
layer 66, and ] - if the middle class 62 and 65 who consists of Ta or Cr is formed between 2 hard bias 
layers 63 - thermal diffusion - it can protect - the - the [ 1 hard bias layer 61 and ] - degradation of 
the magnetic properties of 2 hard bias layer 63 can be prevented. 

[0146] In using Ta as the 1st electrode layer 64 and the 2nd electrode layer 66, it becomes easy to make 
the crystal structure of Ta by which a laminating is carried out to the upper layer of Cr by forming the 
interlayers 62 and 65 of Cr into the body-centered cubic structure of low resistance. 
[0147] Moreover, when using Cr as the 1st electrode layer 64 and the 2nd electrode layer 66, by forming 
the interlayers 62 and 65 of Ta, Cr grows epitaxial and can reduce resistance. 

[0148] In addition, the 1st electrode layer 64 and the 2nd electrode layer 66 can be formed, using W, Ta, 
Cr, Cu, Rh, Ir, Ru, Au, etc. as an ingredient. It is desirable to form using hard ingredients, such as W, 
Ta, Rh, Ir, and Ru, and to form the 2nd electrode layer 66 using the small ingredient of specific 
resistance, such as Cr, Cu, Au, and Ta, so that it may be hard to generate a smear in the process which 
grinds an opposed face with the record medium of a magnetic sensing element for the 1st electrode layer 
64 especially connected with multilayers Tl electrically, and adjusts a direct-current-resistance value. 
[0149] The up gap layer 44 is formed by the front face of multilayers Tl, the front face of the 1st 
electrode layer 64, and the front face of the 2nd electrode layer 66, and the up shielding 45 is formed on 
the up gap layer 44. The up shielding layer 45 is covered with the protective layer 46 which consists of 
an inorganic insulating material. 

[0150] The 1st hardware bias layer 61 should just arrange one magnetization direction among 2nd free 
magnetic layer 37a which constitutes the free magnetic layer 37, and 1st free magnetic layer 37c. In 
drawing 9 , only the magnetization direction of 1st free magnetic layer 37c is arranged. If the 
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magnetization direction of 1st free magnetic layer 37c is arranged in the fixed direction, 2nd free 
magnetic layer 37a will be in the ferrimagnetism condition that the magnetization direction serves as 
anti-parallel, and the magnetization direction of the free magnetic layer 37 whole will be arranged in the 
fixed direction. 

[0151] With the gestalt of this operation, the 1st hardware bias layer 61 mainly gives the static magnetic 
field of the direction of illustration X to 1st free magnetic layer 37c. Therefore, it can suppress that the 
magnetization direction (the direction of illustration X and reverse sense) of 2nd free magnetic layer 37a 
is disturbed by the static magnetic field of the direction of illustration X generated from the hard bias 
layer 61. 

[0152] In this example, 1st free magnetic layer 37c of multilayers Tl is caudad formed rather than the 
antiferromagnetism layer 34, and adjoins the thick part of the thickness of the 1st hardware bias layer 
61, therefore magnetization of 1st free magnetic layer 37c is easily arranged in the direction of X. 
Thereby, generating of a Barkhausen noise can be reduced. 

[0153] Drawing 10 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 10th of this invention from the opposed face side with a record medium. 
[0154] This magnetic sensing element centers on the non-magnetic material layer 106. the - up and 
down - the - the [ the 1 free magnetic layer 105 and ] - the 2 free magnetic layer 107, the nonmagnetic 
conductive layer 104,108, the 1st fixed magnetic layer 103, the 3rd fixed magnetic layer 109, the non- 
magnetic material layer 102,1 10, the 2nd fixed magnetic layer 101, the 4th fixed magnetic layer 111, 
and the antiferromagnetism layer 100,1 12 were formed - It is possible to obtain a playback output 
higher than the spin bulb mold thin film (called a single spin bulb mold thin film) which it is called the 
so-called dual spin bulb mold thin film, and is shown in drawing 1 thru/or drawing 9 . In addition, the 
layer by which the layer currently formed in the bottom is formed most in the bottom in the substrate 
layer 33 is a protective layer 38, and multilayers T2 are constituted from a substrate layer 33 by the 
layered product to a protective layer 38. 

[0155] In this invention, the antiferromagnetism layer 100,1 12 is formed with the Pt-Mn (platinum- 
manganese) alloy film. Or it replaces with said Pt-Mn alloy, and it is X-Mn (however, X is any one sort 
or two sorts or more of elements of Pd, Ir, Rh, and Ru), or may be formed by Pt-Mn-X' (however, X' is 
any one sort or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and Ag). 

[0156] the [ said ] - the [ the 1 free magnetic layer 105 and / said ] - the 2 free magnetic layer 107, said 
1st fixed magnetic layer 103, said 2nd fixed magnetic layer 101, said 3rd fixed magnetic layer 109, and 
said 4th fixed magnetic layer 1 1 1 are formed with a nickel-Fe (nickel-iron) alloy, Co (cobalt), the Co-Fe 
(cobalt-iron) alloy, the Co-Fe-nickel alloy, etc., and said nonmagnetic conductive layer 104,108 is 
formed with the nonmagnetic electrical conducting material with low electric resistance, such as Cu 
(copper). 

[0157] From on the substrate layer 33, it applies to the side face of the 2nd fixed magnetic layer 101, the 
non-magnetic material layer 102, the 1st fixed magnetic layer 103, the nonmagnetic conductive layer 
104, and the 1st free magnetic layer 105, the bias substrate layer 1 13,1 13 used as the buffer film and 
orientation film which were formed by Cr etc. is formed, and the bias field generated from the 1st 
hardware bias layer 1 14,1 14 later mentioned by formation of this bias substrate layer 1 13,1 13 can be 
increased. 

[0158] The 1st hardware bias layer 1 14 is formed on the bias substrate layer 1 13. As for the 1st 
hardware bias layer 114, side-face 1 14a by the side of multilayers T2 has countered through the bias 
substrate layer 113. 

[0159] The laminating of the 2nd hardware bias layer 1 16 is carried out to the upper layer of the 1st 
hardware bias layer 1 14. Side-face 1 16a by the side of the multilayers T of the 2nd hardware bias layer 
1 16 is prepared in the location which only the predetermined distance Sp2 left from side-face T2s of 
Multilayers T. The predetermined distance Sp2 is set up as a distance to which the field generated from 
the 2nd hardware bias layer 116 does not act on the free magnetic layer F in multilayers T2 directly. In 
addition, directly in contact with the 1st hardware bias layer 1 14 top, the laminating of the 2nd hardware 
bias layer 1 16 is carried out. 
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[0160] The 1st hardware bias layer 1 14 and the 2nd hardware bias layer 1 16 are formed with for 
example, the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc., and are 
magnetized in the direction of illustration X (truck cross direction). 

[0161] On the 1st hardware bias layer 1 14, the interlayer 115 formed by non-magnetic materials, such as 
Ta, is formed, and the 1st electrode layer 1 17 is formed on this interlayer 115. 
[0162] Furthermore, the 2nd electrode layer 1 19 is formed in the location which laps with the 2nd 
hardware bias layer 116 through the interlayer 1 18. In addition, the 2nd electrode layer 1 19 and the 1st 
electrode layer 1 1 7 are connected directly electrically. 

[0163] the [ the 1st electrode layer 1 17 and ] - the [ between 1 hard bias layers 1 14 and the 2nd 
electrode layer 1 19, and ] - if the middle class 115,118 who consists of Ta or Cr is formed between 2 
hard bias layers 116- thermal diffusion - it can protect ~ the ~ the [ 1 hard bias layer 1 14 and ] ~ 
degradation of the magnetic properties of 2 hard bias layer 1 16 can be prevented. 
[0164] In using Ta as the 1st electrode layer 1 17 and the 2nd electrode layer 1 19, it becomes easy to 
make the crystal structure of Ta by which a laminating is carried out to the upper layer of Cr by forming 
the interlayer 1 15,1 18 of Cr into the body-centered cubic structure of low resistance. 
[0165] Moreover, when using Cr as the 1st electrode layer 1 17 and the 2nd electrode layer 1 19, by 
forming the interlayer 1 15,1 18 of Ta, Cr grows epitaxial and can reduce resistance. 
[0166] In addition, the 1st electrode layer 1 17 and the 2nd electrode layer 1 19 can be formed, using W, 
Ta, Cr, Cu, Rh, Ir, Ru, Au, etc. as an ingredient. It is desirable to form using hard ingredients, such as 
W,' Ta' Rh, Ir, and Ru, and to form the 2nd electrode layer 119 using the small ingredient of specific 
resistance, such as Cr, Cu, Au, and Ta, so that it may be hard to generate a smear in the process which 
grinds an opposed face with the record medium of a magnetic sensing element for the 1st electrode layer 
117 especially connected with multilayers T2 electrically, and adjusts a direct-current-resistance value. 
[0167] The up gap layer 44 is formed by the front face of multilayers T2, the front face of the 1st 
electrode layer 1 17, and the front face of the 2nd electrode layer 1 19, and the up shielding 45 is formed 
on the up gap layer 44. The up shielding layer 45 is covered with the protective layer 46 which consists 
of an inorganic insulating material. 

[0168] Moreover, in drawing 10 , that to which the laminating of said 1st fixed magnetic layer 103 from 
which the magnetic moment differs, and said 2nd fixed magnetic layer 101 was carried out through said 
non-magnetic material layer 102 functions as one fixed magnetic layer PI. Moreover, that to which the 
laminating of said 3rd fixed magnetic layer 109 from which the magnetic moment differs, and said 4th 
fixed magnetic layer 1 1 1 was carried out through said non-magnetic material layer 110 functions as one 
fixed magnetic layer P2. 

[0169] The magnetization direction of said 1st fixed magnetic layer 103 and said 2nd fixed magnetic 
layer 101 is in a ferrimagnetism condition of anti-parallel different 180 degrees, and since said 1st fixed 
magnetic layer 103 and said 2nd fixed magnetic layer 101 fix the magnetization direction of another side 
mutually and suit, it can stabilize the magnetization direction of the fixed magnetic layer PI in the fixed 
direction as a whole. 

[0170] In drawing 10 , each magnetic moment is changed by forming said 1st fixed magnetic layer 103 
and said 2nd fixed magnetic layer 101 using the same ingredient, and changing each thickness further. 
[0171] Moreover, it is in a ferrimagnetism condition of anti-parallel different 180 degrees, and the 
magnetization direction of said 3rd fixed magnetic layer 109 and said 4th fixed magnetic layer 1 1 1 also 
fixes the magnetization direction of another side mutually, and said its 3rd fixed magnetic layer 109 and 
said 4th fixed magnetic layer 1 1 1 suit. 

[0172] In addition, said non-magnetic material layers 102 and 1 10 are formed with one sort or two sorts 
or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. 

[0173] Said 2nd fixed magnetic layer 101 and the 4th fixed magnetic layer 1 1 1 are formed in contact 
with the antiferromagnetism layers 100 and 1 12, respectively, and the exchange anisotropy field by 
switched connection produces them by giving annealing in a magnetic field in an interface with said 4th 
fixed magnetic layer 1 1 1 and the antiferromagnetism layer 1 12 in an interface list with said 2nd fixed 
magnetic layer 101 and the antiferromagnetism layer 100. 



httD://www4.iDdl.ncipi.go.ip/cgi-bin/tran web cgi_ejje 



12/9/2005 



JP,2002-280644,A [DETAILED DESCRIPTION] 



Page 16 of 24 



[0174] The magnetization direction of said 2nd fixed magnetic layer 101 is fixed to an illustration Z 
direction. When the magnetization direction of said 2nd fixed magnetic layer 101 is fixed in the 
direction of illustration Y, the magnetization direction of the 1st fixed magnetic layer 103 which 
counters through said non-magnetic material layer 102 is fixed in the magnetization direction of said 
2nd fixed magnetic layer 101, and the condition of anti-parallel In addition, the direction of the 
synthetic magnetic moment which added the magnetic moment of said 2nd fixed magnetic layer 101 and 
the magnetic moment of said 1st fixed magnetic layer 103 turns into the magnetization direction of said 
fixed magnetic layer PI. 

[0175] When the magnetization direction of said 2nd fixed magnetic layer 101 is fixed to an illustration 
Z direction, as for the magnetization direction of said 4th fixed magnetic layer 1 1 1, it is desirable to be 
fixed to an illustration Z direction and an anti-parallel direction. At this time, the magnetization direction 
of the 3rd fixed magnetic layer 109 which counters through said non-magnetic material layer 1 10 is 
fixed to the magnetization direction and the anti-parallel direction of said 4th fixed magnetic layer 111, 
i.e., a Z direction. In addition, the direction of the synthetic magnetic moment which added the magnetic 
moment of said 4th fixed magnetic layer 1 1 1 and the magnetic moment of said 3rd fixed magnetic layer 
109 turns into the magnetization direction of said fixed magnetic layer P2. 

[0176] the [ then, / said ] - the [ the 1 free magnetic layer 105, said non-magnetic material layer 106, 
and / said ] — the magnetization direction of said 1st fixed magnetic layer 103 which counters through 
the 2 free magnetic layer 107, and said 3rd fixed magnetic layer 109 will be in an anti-parallel condition 
mutually different 180 degrees. 

[0177] in drawing 10 , it mentions later - as - the free magnetic layer F - the [ said ] - the [ the 1 free 
magnetic layer 105 and / said ] - the 2 free magnetic layer 107 forms as that by which the laminating 
was carried out through said non-magnetic material layer 106 -- having — the [ said ] — the [ the 1 free 
magnetic layer 105 and / said ] — the magnetization direction of the 2 free magnetic layer 107 - anti- ~ 
it is in the ferrimagnetism condition which becomes parallel. 

[0178] Said 1st free magnetic layer 105 and said 2nd free magnetic layer 107 change the magnetization 
direction in response to the effect of an external magnetic field, with a ferrimagnetism condition 
maintained. If the magnetization direction of said 1st fixed magnetic layer 103 and said 3rd fixed 
magnetic layer 109 is in an anti -parallel condition mutually different 180 degrees at this time, the phase 
of the resistance rate of change of a lower layer part will become [ magnetic layer IV I free ] equal from 
the resistance rate of change and the free magnetic layer F for a management. 

[0179] Furthermore, it is desirable that the magnetization direction of said fixed magnetic layer PI and 
the magnetization direction of said fixed magnetic layer P2 are anti-parallel directions. 
[0180] For example, the magnetization direction makes larger than the magnitude of the magnetic 
moment of said 1st fixed magnetic layer 103 magnitude of the magnetic moment of said 2nd fixed 
magnetic layer 101 currently fixed to the illustration Z direction, and makes the magnetization direction 
of the fixed magnetic layer PI an illustration Z direction. On the other hand, the magnetization direction 
makes smaller than the magnitude of the magnetic moment of said 4th fixed magnetic layer 111 
magnitude of the magnetic moment of said 3rd fixed magnetic layer 109 currently fixed to the 
illustration Z direction, and makes the magnetization direction of the fixed magnetic layer P2 an 
illustration Z direction and an anti-parallel direction. 

[0181] Then, the direction of the sense current field generated when a sense current is passed in the 
direction opposite to the direction of illustration X, the magnetization direction of the fixed magnetic 
layer PI, and the magnetization direction of the fixed magnetic layer P2 are in agreement, and the 
ferrimagnetism condition of said 1st fixed magnetic layer 103 and said 2nd fixed magnetic layer 101 and 
the ferrimagnetism condition of said 3rd fixed magnetic layer 109 and said 4th fixed magnetic layer 1 1 1 
are stabilized. 

[0182] Moreover, said 1st free magnetic layer 105 and said 2nd free magnetic layer 107 are formed so 
that each magnetic moments may differ, here — the [ said ] — the [ the 1 free magnetic layer 105 and / 
said ] — forming the 2 free magnetic layer 107 using the same ingredient, and changing each thickness 
further - the [ said ] - the [ the 1 free magnetic layer 105 and / said ] - the magnetic moment of the 2 
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free magnetic layer 107 is changed. 

[0183] Furthermore, the non-magnetic material layer 102,106,1 16 is formed with one sort or two sorts 
or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. 

[0184] drawing 10 - the [ said ] - the [ the 1 free magnetic layer 105 and / said ] - that to which the 
laminating of the 2 free magnetic layer 107 was carried out through said non-magnetic material layer 
106 functions as one free magnetic layer F. 

[0185] the [ said ] ~ the [ the 1 free magnetic layer 105 and / said ] - the magnetization direction of the 
2 free magnetic layer 107 - anti- - it is in the ferrimagnetism condition which becomes parallel, and 
effectiveness equivalent to making thickness of the free magnetic layer F thin obtains — having - the 
effectual magnetic moment per unit area of the whole free magnetic layer F - small - becoming - 
magnetization - changing - being easy - the field detection sensitivity of a magneto-resistive effect 
component improves. 

[0186] The direction of the synthetic magnetic moment which added the magnetic moment of said 1st 
free magnetic layer 105 and the magnetic moment of said 2nd free magnetic layer 107 turns into the 
magnetization direction of said free magnetic layer F. 

[0187] Said 1st hardware bias layer 1 14 is magnetized in the direction of illustration X (truck cross 
direction), and the magnetization direction of the free magnetic layer F has become in the direction of 
illustration X by the bias field to the direction of X from the 1st hardware bias layer 1 14. 
[0188] And to the external magnetic field from a record medium, magnetization of said free magnetic 
layer F is changed with sufficient sensibility, electric resistance changes by the relation between 
fluctuation of this magnetization direction, and the fixed magnetization direction of the fixed magnetic 
layers PI and P2, and the leakage field from a record medium is detected by the electrical-potential- 
difference change based on this electric resistance value change, however, contributing to an electric 
resistance value change (output) directly - the [ the magnetization direction of the 1st fixed magnetic 
layer 103, and ] - the [ the angular relation of the magnetization direction of the 1 free magnetic layer 
105 and the magnetization direction of the 3rd fixed magnetic layer 109, and ] - it is the angular relation 
of the magnetization direction of the 2 free magnetic layer 107, and it is desirable to lie at right angles in 
the condition that the condition and signal field which the detection current is energizing [ such angular 
relation ] are not impressed. 

[0189] The hard bias layer 114 should just arrange one magnetization direction among the 1st free 
magnetic layer 105 which constitutes the free magnetic layer F, and the 2nd free magnetic layer 107. In 
drawing 10 , only the magnetization direction of the 2nd free magnetic layer 107 is arranged. If the 
magnetization direction of the 2nd free magnetic layer 107 is arranged in the fixed direction, the 1st free 
magnetic layer 105 will be in the ferrimagnetism condition that the magnetization direction serves as 
anti-parallel, and the magnetization direction of the whole free magnetic layer F will be arranged in the 
fixed direction. 

[0190] With the gestalt of this operation, the 1st hardware bias layer 114 mainly gives the static 
magnetic field of the direction of illustration X to the 2nd free magnetic layer 107. Therefore, it can 
suppress that the magnetization direction (the direction of illustration X and reverse sense) of the 1st free 
magnetic layer 105 is disturbed by the static magnetic field of the direction of illustration X generated 
from the hard bias layer 114. 

[0191] Magnetic field strength which the free magnetic layer 37 and the 1st hardware bias layers 40 and 
61,1 14 which arrange the magnetization direction of F generate can be weakened by making thin 
thickness tl, t5, and t7 of the 1st hardware bias layers 40 and 61,114 also in the magnetic sensing 
element shown in drawing 10 from drawing 2 . That is, the value of the residual magnetization x 
thickness of the free magnetic layer 37 and the 1st hardware bias layers 40 and 61,1 14 in F and a close 
part can be made small. 

[0192] Therefore, the width method of the insensible field formed in multilayers T, Tl, and T2 can be 
made small, a sensibility field can be made large, and the sensibility of a magnetic sensing element can 
be raised. 

[0193] Furthermore, by carrying out the laminating of the 2nd hardware bias layers 42 and 63,1 16 to the 
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location which only the predetermined distance Sp, Spl, and Sp2 separated from the side face of 
multilayers T, Tl, and T2 directly in contact with the upper layer of the 1st hardware bias 40 and 
61,1 14, thickness of the hard bias layer H is thickened and can enlarge the coercive force He and the 
square shape ratio of the hard bias layer H. Therefore, even if the field of disturbance exists, the free 
magnetic layer 37 and F can be changed into the stable single domain-ized condition. 
[0194] With the gestalt of this operation, in order to enlarge the coercive force He and the square shape 
ratio of the hard bias layer H, making small the width method of the insensible field formed in 
Multilayers T, the thickness t2 and t6 of the 2nd hardware bias layers 42 and 63 is made thicker than the 
thickness tl and t5 of the 1st hardware bias layers 40 and 61 . However, the thickness t8 of the 2nd 
hardware bias layer 116 may be made thinner than the thickness t7 of the 1st hardware bias layer 1 14 
like drawing 10 . 

[0195] moreover -- drawing 2 to drawing 10 - the -- the upper layer of 1 hard bias layers 40 and 61,1 14 
-- the -- although the laminating of the 2 hard bias layers 42 and 63,1 16 is carried out -- the - the lower 
layer of 1 hard bias layers 40 and 61,1 14 - direct - touching - the -- the laminating of the 2 hard bias 
layers 42 and 63,1 16 may be carried out. 

[0196] Also in the magnetic sensing element of drawing 4 to drawing 10 Moreover, the inside of the 1st 
hardware bias layers 40 and 61,1 14 and the 2nd hardware bias layers 42 and 63,1 16, It is the field which 
laps only with the 1st hardware bias layers 40 and 61,1 14, and can set to the field SI which does not lap 
with an insulating layer 52. When distance between the up shielding layer 45 in the location which laps 
the distance between the up shielding layer 45 and the lower shielding layer 31 with the center C of Gls 
and Multilayers T, and the lower shielding layer 31 is set to Glc It is desirable to set the value of said 
difference of Gls and Glc below to the value from which effective width-of-recording-track E-Tw of a 
magnetic sensing element is set to 0. 1 7 micrometers. 

[0197] In addition, it is desirable to set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm in the magnetic sensing element of drawing 10 from drawing 1 . It is setting said 
Gls and said value of Glc as the range which fills Glc-20 nm<=Gls<=Glc+70nm more preferably. It is 
setting said Gls and said value of Glc as the range which fills Glc-20 nm<=Gls<=Glc+30nm still more 
preferably. 

[0198] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[0199] In addition, it is good also as Gls<Glc also as Gls=Glc also considering said Gls and said value 

of Glc as Gls>Glc in said Gls mentioned above and said range of the value of Glc. 

[0200] If it is Gls>Glc, the distance between the up shielding layer [ / near the both sides of multilayers 

T, Tl, and T2 ] 45 and the lower shielding layer 31 is larger than the distance between the up shielding 

layer 45 in the field which laps with multilayers T, Tl, and T2, and the lower shielding layer 31 (gap 

length). 

[0201] If it is Gls=Glc, the distance between the up shielding layer [ / near the both sides of multilayers 
T, Tl, and T2 ] 45 and the lower shielding layer 31 is equal to the distance between the up shielding 
layer 45 in the field which laps with multilayers T, Tl, and T2, and the lower shielding layer 31 (gap 
length). 

[0202] If it is Gls<Glc, the distance between the up shielding layer [ / near the both sides of multilayers 
T, Tl, and T2 ] 45 and the lower shielding layer 31 is smaller than the distance between the up shielding 
layer 45 in the field which laps with multilayers T, Tl, and T2, and the lower shielding layer 31 (gap 
length). 

[0203] Moreover, drawing 1 1 is the top view which looked at Multilayers T, the 1st electrode layer 43, 
and the 2nd electrode layer 51 of the magnetic sensing element shown in drawing 3 from the illustration 
upper part of drawing 3 R> 3. 

[0204] Since the depth die length Zl of the height direction of the 1st electrode layer 43 is made longer 
than the depth die length Z2 of the height direction of Multilayers T as shown in drawing 1 1 , the direct- 
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current-resistance value of a magnetic sensing element can be made small. 

[0205] In addition, although the magnetic sensing element of drawing 3 and drawing 5 - drawing 10 
showed only the configuration which has a two-layer electrode layer, an electrode layer may be three or 
more layers. 

[0206] Moreover, the laminating of the two or more more layers hard bias layer may be carried out on 
the 2nd hardware bias layer 42 and 63,1 16. 

[0207] In addition, the free magnetic layer 37, F and the fixed magnetic layer 35, and PI and P2 may be 
formed as the magnetic material layer or the two-layer magnetic material layers of a monolayer 
(CoFe/NiFe etc.). 

[0208] The manufacture approach of the magnetic sensing element shown in drawing 3 is explained. As 
first shown in drawing 12 , the lower shielding layer 31 and the lower gap layer 32 are formed. The 
lower shielding layer 31 is formed using magnetic materials, such as NiFe, and forms the lower gap 
layer 32 using insulating ingredients, such as aluminum203 and Si02. The laminating of the lower 
shielding layer 31 is carried out on the substrate 30 through the substrate layer which consists of 
insulating ingredients, such as an alumina, and which is not illustrated. 
[0209] Furthermore, the substrate layer 33 shown on the lower gap layer 32 at drawing 3 , the 
antiferromagnetism layer 34, 1st fixed magnetic layer 35a, Nonmagnetic middle class 35b, the fixed 
magnetic layer 35 of the synthetic ferry PINDO mold which consists of 2nd fixed magnetic layer 35c, 
the non-magnetic material layer 36, 2nd free magnetic layer 37a, The laminating of the free magnetic 
layer 37 of the synthetic ferry free mold which consists of nonmagnetic middle class 37b and 1st free 
magnetic layer 37c, and the protective layer 38 is carried out, and Multilayers T are formed. 
[0210] In addition, instead of these multilayers T, you may be the multilayers Tl of the single spin bulb 
mold thin film shown in drawing 9 , and the multilayers T2 of the dual spin bulb mold thin film shown 
in drawing 10 . 

[021 1] In addition, forming with a PtMn alloy is desirable, or it may form the antiferromagnetism layer 
which constitutes multilayers T, Tl, or T2 by X-Mn (however, X is one-sort [ any ] or two sorts or more 
of elements of Pd, Ir, Rh, and Ru), or Pt-Mn-X' (however, X' is any one sort or two sorts or more of 
elements of Pd, Ir, Rh, Ru, Au, and Ag). When forming with the quality of the material which 
mentioned said antiferromagnetism layer above, it is necessary to heat-treat to generate a switched 
connection field in an interface with a fixed magnetic layer. 

[0212] Next, pattern formation of the resist layer Rl for wrap lift off is carried out for the field of optical 
width-of-recording-track O-Tw of the magnetic sensing element to form on Multilayers T. 
[0213] As shown in drawing 12 , it cuts deeply on the inferior surface of tongue, and section Rla and 
Rla are formed in the resist layer Rl. 

[0214] Next, at the process shown in drawing 13 , the both sides of Multilayers T are deleted by etching. 
At this process, the antiferromagnetism layer 34 is formed in the direction of illustration X for a long 
time by controlling an etching rate and etching time and carrying out as [ remain / do not shave off the 
side face of the antiferromagnetism layer 34, but ]. In addition, if the side face of the antiferromagnetism 
layer 34 is deleted completely, the magnetic sensing element shown in drawing 5 can be formed. 
[0215] At the process furthermore shown in drawing 14 , the bias substrate layers 39 and 39, the 1st 
hardware bias layer 40, and an interlayer 41 are formed on both sides of Multilayers T. Preferably, the 
1st hardware bias layer 40 used the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome- 
platinum) alloy, etc., the interlayer 41 used Ta, and the bias substrate layer 39 formed any Cr(s) [ one or 
more sorts in Cr, Ti, Mo, or W50Mo50 of]. With the gestalt of this operation, membrane formation of 
the bias substrate layer 39, the 1st hardware bias layer 40, and an interlayer 41 was performed using the 
spatter which has an anisotropy. 

[0216] The 1st hardware bias layer 40 is formed in the height location where topmost part 40b of 
Multilayers T and side-face 40a of the side which counters laps with the top face 37a3 of 2nd free 
magnetic layer 37a with the gestalt of this operation. That is, membranes are formed to the side face of 
the multilayers T of the 1st hardware bias layer 40, side-face 40a of the side which counters, and 2nd 
free magnetic layer 37a, and the height location which counters, and the side face of 1st free magnetic 
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layer 37c is formed so that it may not counter. However, you may make it side-face 40a of the 1st 
hardware bias layer 40 counter with the side face of the side face of the fixed magnetic layer 35, the side 
face of the non-magnetic material layer 36, 2nd free magnetic layer 37a, nonmagnetic interlayer 37b, 
and 1st free magnetic layer 37c, as shown in drawing 6 . 

[0217] the - the [ from which 1 hard bias layer 40 constitutes the free magnetic layer 37 ] - the [ 2 free 
magnetic layer 37a and ] - the [ among 1 free magnetic layer 37c ] — only the magnetization direction 
of 2 free magnetic layer 37a is arranged. If the magnetization direction of 2nd free magnetic layer 37a is 
arranged in the fixed direction, 1st free magnetic layer 37c will be in the ferrimagnetism condition that 
the magnetization direction serves as anti-parallel, and the magnetization direction of the free magnetic 
layer 37 whole will be arranged in the fixed direction. 

[0218] With the gestalt of this operation, the 1st hardware bias layer 40 mainly gives the static magnetic 
field of the direction of illustration X to 2nd free magnetic layer 37a. the [ therefore, ] - the static 
magnetic field of the direction of illustration X generated from 1 hard bias layer 40 - the - it can 
suppress that the magnetization direction (the direction of illustration X and reverse sense) of 1 free 
magnetic layer 37c is disturbed. 

[0219] Next, at the process shown in drawing 15 , the 1st electrode layer 43 is formed from the 
predetermined include angle theta 3 on an interlayer 41 and 41 to the direction of a normal of substrate 
30 front face. The 1st electrode layer 43 consists of an electrode of the pair which opened the 
predetermined spacing Sp3 crosswise [ truck ], and was formed in the both-sides field of Multilayers T. 
[0220] Under the present circumstances, the 1st electrode layer 43 may be formed even in slitting 
section Rla formed in the inferior surface of tongue of the resist layer Rl in which it was prepared on 
Multilayers T, and Rla. 

[0221] In addition, when forming the 1st electrode layer 43, as shown in drawing 1 1 , it is desirable to 
form the depth die length Zl of the height direction of the 1st electrode layer 43 for a long time than the 
depth die length Z2 of the height direction of Multilayers T. 

[0222] And after lift off removes the resist layer Rl, using resist exfoliation liquid, as it is shown in 
drawing 16 , the resist layer R2 for lift off in which slitting section R2a and R2a were formed is formed 
on Multilayers T and the 1st electrode layer 43. 

[0223] Next, the 1st electrode layer 43, the middle class 41, and the 1st hardware bias layer 40 are 
deleted by etching. An etching rate and etching time are controlled by this process, and it carries out as 
[ remain / do not shave off the 1st hardware bias layer 40 altogether but ] at it. 

[0224] Next, continuation membrane formation of the 2nd hardware bias layer 42, an interlayer 50, and 
the 2nd electrode layer 51 is carried out from the predetermined include angle theta 4 on the 1st 
hardware bias layer 40 to the direction of a normal of substrate 30 front face. 

[0225] Thus, the magnetic sensing element by which the laminating of the 2nd hardware bias layer 42 
which has side-face 40a by the side of Multilayers T in the location which only the predetermined 
distance Sp separated from the side face Ts of Multilayers T is carried out to the upper layer of the 1st 
hardware bias layer 40 can be formed. The predetermined distance Sp is set up as a distance to which the 
field generated from the 2nd hardware bias layer 42 does not act on the free magnetic layer 37 in 
Multilayers T directly. In addition, directly in contact with the 1st hardware bias layer 40 top, the 
laminating of the 2nd hardware bias layer 42 is carried out. 

[0226] The 1st hardware bias layer 40 and the 2nd hardware bias layer 42 are formed with for example, 
a Co-Pt (cobalt-platinum) alloy, a Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. Moreover, the 1st 
hardware bias layer 40 and the 2nd hardware bias layer 42 are magnetized in the direction of illustration 
X (truck cross direction) after membrane formation. 

[0227] In addition, it is more desirable than the thickness tl of the 1st hardware bias layer 40 to thicken 
thickness t2 of the 2nd hardware bias layer 42. 

[0228] When forming the 2nd hardware bias layer 42, an interlayer 50, and the 2nd electrode layer 5 1 
For example, leaning aslant the target formed by the presentation of the 2nd hardware bias layer 42, an 
interlayer 50, and the 2nd electrode layer 51 to the substrate 30 with which Multilayers T were formed, 
and moving or rotating said target on said substrate 30 Membranes are formed by the spatter which 
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combined the ion beam spatter method, the long slow spatter method, the collimation spatter method, or 

them. r 
[0229] Or said target may be fixed, and a substrate 30 side may be moved or rotated in the direction of 

slant to said target. 

[0230] In addition, it is desirable to make the membrane formation include angle theta 4 when forming 
the 2nd hardware bias layer 42, an interlayer 50, and the 2nd electrode layer 51 larger than the 
membrane formation include angle theta 3 when forming the 1st electrode layer 43. By considering as 
the membrane formation include-angle theta4> membrane formation include angle theta 3, the include 
angle theta 2 which a flat surface parallel to a multilayers T front face and the tangential plane of the 
front end edge of the 2nd electrode layer 51 make can be made smaller than the include angle theta 1 
which a flat surface parallel to a multilayers T front face and the tangential plane of the front end edge of 
the 1st electrode layer 43 make. 

[0231] thetal> If theta 2, supply of the current to Multilayers T can be stabilized from the 1st electrode 
layer 43 by which direct continuation is carried out to Multilayers T. 

[0232] Moreover, in order to suppress that the distance between the up shielding layer [ / near the both 
sides of Multilayers T ] 45 and the lower shielding layer 31 becomes large and to make small the direct- 
current-resistance value of a magnetic sensing element, it is desirable to make thickness t4 of the 2nd 
electrode layer 51 thicker than the thickness t3 of the 1st electrode layer 43. 

[0233] Moreover, it is desirable to form using hard ingredients, such as W, Ta, Rh, Ir, and Ru, and to 
form the 2nd electrode layer 51 using the small ingredient of specific resistance, such as Cr, Cu, Au, and 
Ta, so that it may be hard to generate a smear in the process which grinds an opposed face with the 
record medium of a magnetic sensing element for the 1st electrode layer 43 electrically connected with 
Multilayers T, and adjusts a direct-current-resistance value. 

[0234] And on Multilayers T, the 1st electrode layer 43, and the 2nd electrode layer 51, after lift off 
removes the resist layer R2, using resist exfoliation liquid, as shown in drawing 18 , the up gap layer 44 
is formed. 

[0235] Furthermore, at the process shown in drawing 19 , the laminating of the resist layer R3 for lift off 
by which the slitting section was formed in the field which laps with the part on Multilayers T and the 
1st electrode layer 43 is carried out, and the insulating layer 52 which laps with all the fields on the part 
on the 1st electrode layer 43 and the 2nd electrode layer 51 from across to a substrate 30 is formed. 
[0236] After lift off removes the resist layer R3, using resist exfoliation liquid, as it is shown in drawing 
20 , the magnetic sensing element of drawing 3 is completed through the process which forms the up 
shielding layer 45 on the up gap layer 44 and an insulating layer 52, and forms a protective layer 46 on 
the up shielding layer 45. 

[0237] In the manufacture approach of the above-mentioned magnetic sensing element In addition, the 
1st electrode layer 43, It is the field which laps only with the 1st electrode layer 43 among the 2nd 
electrode layers 51. The distance between the up shielding layer 45 in the fields SI and SI which do not 
lap with an insulating layer 52, and the lower shielding layer 31 Gls, When distance between the up 
shielding layer 45 in the location which laps with the center C of Multilayers T, and the lower shielding 
layer 3 1 is set to Glc It is desirable to set up the thickness of each class which constitutes a magnetic 
sensing element so that it may become below the value from which the effective width of recording 
track of a magnetic sensing element is set to 0.17 micrometers in said value of the difference of Glc with 
said Gls. 

[0238] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0239] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=1.50 still more preferably. 
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[0240] By making the value of said difference of Gls and Glc below into a predetermined value, it can 
suppress that the distance between the up shielding layer [ / near the both sides of Multilayers T ] 45 and 
the lower shielding layer 31 becomes large, and effective width-of-recording-track E-Tw can be made 
small. 

[0241] Moreover, also with the gestalt of this operation, the thin 1st electrode layer is used as a 
monolayer [ near the multilayers T ], and thickness which is separated from Multilayers T is enlarged by 
carrying out the laminating of the 2nd electrode layer on the 1st electrode layer. 
[0242] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayers T ] 45, 
and the lower shielding layer 3 1 . 

[0243] Moreover, [ near the multilayers T ], since the 1st electrode layer 43 can be formed thinly, the 
level difference D formed of the front face of Multilayers T and side-face 42a of the 1st electrode layer 

43 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 

44 can be certainly formed on this level difference D. Namely, the electric short circuit between the up 
shielding layer 45 and the 2nd electrode layer 51 can be more certainly prevented now. 

[0244] In the above, the manufacture approach of the magnetic sensing element shown in drawing 3 was 
explained. In addition, formation of an insulating layer 52 may be omitted in the above-mentioned 
production process. Moreover, it is good also as Gls<Glc also as Gls=Glc also considering said Gls and 
said value of Glc as Gls>Glc within limits which said Gls and said value of Glc mentioned above. 
[0245] Moreover, in the process of drawing 17 , the magnetic sensing element shown in drawing 1 or 
drawing 2 can be formed by omitting formation of an interlayer 50 and the 2nd electrode layer 51. 
[0246] Moreover, in the process of drawing 15 , the magnetic sensing element of drawing 4 can be 
formed by omitting formation of an interlayer 41 and the 1st electrode layer 43. 
[0247] What is necessary is just to form the 1st electrode layer 43 even in the slitting circles of said 
resist layer, when forming the resist layer for lift off and forming the 1st electrode layer 43 so that the 
width method of the insensible field d of Multilayers T may be beforehand measured using another 
magnetic head using the micro truck profile method etc. and only this insensible field d top may be 
covered, when forming the magnetic sensing element of drawing 7 . 

[0248] What is necessary is just to form the bias substrate layers 39 and 39 from [ to the front face of a 
substrate 30 ] a normal, as shown in drawing 21 when forming the magnetic sensing element shown in 
drawing 8 . For example, the target for carrying out spatter membrane formation of the bias substrate 
layers 39 and 39 is made to counter so that it may become parallel to a substrate 30, and the angular 
distribution of sputtered particles Sa forms by the narrow good approach (spatter which combined the 
ion beam spatter method, the long slow spatter method, the collimation spatter method, or them) of 
rectilinear-propagation nature. There are almost no sputtered particles deposited on the side face of 
Multilayers T by this, and membranes can be formed only on extension section 34b of the 
antiferromagnetism layer 34 in Multilayers T. 

[0249] Furthermore, by forming the 1st hardware bias layer 40 using the spatter of isotropy or an 
anisotropy, as shown in drawing 8 , side-face 40a by the side of the 1st hardware bias layer 40 
multilayers T can touch the side face of 2nd free magnetic layer 37a directly. Then, the 1st hardware 
bias layer 40 and 2nd free magnetic layer 37a become a continuum magnetically, it can prevent an anti- 
field occurring in the side edge section of 2nd free magnetic layer 37a, and stability increases. 
[0250] By setting up the location of edge Rib of the resist layer Rl, the angular distribution of sputtered 
particles Sa, and rectilinear-propagation nature The bias substrate layer 39 is made not to be formed on 
the side face of Multilayers T at all, The bias substrate layer 39 is formed on the side face of Multilayers 
T in the range which is not formed on the side face of 2nd free magnetic layer 37a, the - the [ 1 hard 
bias layer 40 and ] - that the bias substrate layer 39 is formed on the side face of Multilayers T so that 
the thickness of the bias substrate layer 39 between 2 free magnetic layer 37a may be set to lnm or less, 
and ** — it can become either inside. 

[0251] moreover, in order to form a three or more-layer electrode layer It forms on the electrode layer of 
the maximum upper layer among the already formed two or more layers electrode layers from 
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Multilayers T, applying the resist layer for lift off in which the slitting section was formed. What is 
necessary is to form still more nearly another electrode layer from a predetermined membrane formation 
include angle to the direction of a normal of said substrate on the electrode layer of said maximum upper 
layer, and just to repeat the process which removes the account resist layer of back to front. 
[0252] It is considering as the resist layer Rl for lift off which has notching section Rla formed by the 
two-layer resist method, the image reversing method, etc. in the resist layer which carries out the mask 
of the multilayers T in the process shown in drawing 15 from drawing 12 , and Rla. 
[0253] However, in this invention, as shown in drawing 22 , the mask of the wrap field may be carried 
out for the field of optical width-of-recording-track O-Tw of the magnetic sensing element to form using 
the resist layer R4 which does not have the notching section. When forming optical width-of-recording- 
track O-Tw by the width method 0.2 micrometers or less, it is effective to form the resist layer R4 which 
does not have the notching section using electron beam lithography etc. 

[0254] After formation of the resist layer R4, as shown in drawing 23 , the both sides of Multilayers T 
are deleted by etching. 

[0255] At the process furthermore shown in drawing 24 , the bias substrate layers 39 and 39, the 1st 
hardware bias layers 40 and 40, interlayers 41 and 41, and the 1st electrode layers 43 and 43 are formed 
on both sides of Multilayers T. 

[0256] In this invention, the 1st electrode layer 43 can be formed thinly [ near the multilayers T ], and 
the height dimension of the level difference D formed of the front face of Multilayers T and the side face 
of the 1st electrode layer 43 can be made low. Therefore, even if the resist layer R4 does not have the 
notching section, the resist layer R4 is certainly removable after membrane formation of the 1st 
electrode layer 43. 

[0257] In addition, the laminating of the inductive head for record may be carried out to the magnetic 
sensing element of this invention, and the record playback compound-die magnetic head may be 
constituted. 

[0258] Moreover, the configuration of the hard bias layer of this invention can also be used in order to 
single-domain-ize the free magnetic layer of a CPPGMR mold MAG sensing element and a TMR 
(tunnel effect magneto-resistive effect) mold MAG sensing element. 
[0259] 

[Example] The surfacing type magnetic head is formed using the magnetic sensing element of the 
structure shown in drawing 3 . The distance Glc between the up shielding layer 45 in the location which 
laps with the center C of the multilayers T of a magnetic sensing element, and the lower shielding layer 
31 is fixed. It is the field which laps only with the 1st electrode layer 43, and effective width-of- 
recording-track (effective read width) E-Tw when changing the distance Gls between the up shielding 
layer 45 in the fields SI and SI which do not lap with an insulating layer 52, and the lower shielding 
layer 31 was measured. 

[0260] Measurement of effective width-of-recording-track E-Tw was performed using the full truck 
profile method explained previously (refer to the drawing 2626 ). 

[0261] Glc of the magnetic sensing element used for measurement set [ 60nm and optical width-of- 
recording-track O-Tw ] 0.1 micrometers and the magnetic flying height from a record medium to 18nm 
for 0.15 micrometers and the height direction depth die length Z2 of Multilayers T. Moreover, it 
investigated about two kinds when considering as the time of making the value of the residual 
magnetization x thickness of the 1st hardware bias layer 40 into 7.5 T-nm, and 21.7 T-nm of cases. 
[0262] The graph which shows the relation between the value of said difference of Gls and Glc and 
effective width-of-recording-track E-Tw to drawing 25 is shown. 

[0263] The graph of drawing 25 shows that effective width-of-recording-track E-Tw becomes small, 
when said value of Gls becomes small. 

[0264] When the value of the residual magnetization x thickness of the 1st hardware bias layer 40 is 
made into 7.5 T-nm, in order to set effective width-of-recording-track E-Tw to 0.17 micrometers or less, 
the value of said difference of Gls and Glc is understood [ 90nm or less, then ] are good. Furthermore, 
70nm or less, then effective width-of-recording-track E-Tw are made to 0.167 micrometers or less by 
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the value of said difference of Gls and Glc, and 30nm or less, then effective width-of-recording-track E- 
Tw are made to 0.165 micrometers or less by the value of said difference of Gls and Glc. 
[0265] Moreover, when the value of the residual magnetization x thickness of the 1st hardware bias 
layer 40 is made into 21.7 T-nm, 70nm or less, then effective width-of-recording-track E-Tw are made 
to 0.16 micrometers or less by the value of said difference of Gls and Glc, and 30nm or less, then 
effective width-of-recording-track E-Tw are made to 0.157 micrometers or less by the value of said 
difference of Gls and Glc. 

[0266] In addition, in order to form the 1st hardware bias layer 40 of sufficient thickness, being referred 
to as Gls-Glc>=-20nm is desirable. 

[0267] We decided to make said Gls and said value of Glc desirable [ setting it as the range which fills 
Glc-20 nm<=Gls<=Glc+90nm ] in this invention, and to set it as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably from these results, and to set it as the range which fills Glc-20 
nm<=Gls<=Glc+30nm still more preferably. 

[0268] Moreover, we presupposed that it is desirable to set said Gls and said value of Glc as the range 
which fills 0.67 <=Gls/Glc<=2.50 from that said Glc is 60nm, and the above-mentioned above Gls and 
the range of said desirable value of Glc, and decided more preferably to set it as the range which fills 
0.67 <=Gls/Glc<=2.17, and to set it as the range which fills 0.67 <=Gls/Glc<=1.50 still more preferably. 

[0269] 

[Effect of the Invention] In this invention explained to the detail above, the strength of the static 
magnetic field of said 1st hardware bias layer which arranges the magnetization direction of said free 
magnetic layer can be weakened by making thickness of the 1st hardware bias layer thin. That is, said 
free magnetic layer of said hard bias layer and the value of the residual magnetization x thickness in a 
close part can be made small. 

[0270] Therefore, the width method of the insensible field formed in said multilayers can be made small, 
a sensibility field can be made large, and the sensibility of a magnetic sensing element can be raised. 
[0271] Furthermore, by carrying out the laminating of said 2nd hardware bias layer by predetermined 
distance detached building ****** directly in contact with the upper layer or the lower layer of said 1st 
hardware bias from the side face of said multilayers, thickness of said hard bias layer is thickened and 
can enlarge the coercive force He and the square shape ratio of a hard bias layer. Therefore, even if the 
field of disturbance exists, said free magnetic layer can be changed into the stable single domain-ized 
condition. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 1st of this invention from the opposed face side with a record medium, 

[Drawing 21 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 2nd of this invention from the opposed face side with a record medium, 

[Drawing 31 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 3rd of this invention from the opposed face side with a record medium, 

[Drawing 4] The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 4th of this invention from the opposed face side with a record medium, 

[Drawing 51 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 5th of this invention from the opposed face side with a record medium, 

[Drawing 6] The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 6th of this invention from the opposed face side with a record medium, 

[Drawing 7] The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 7th of this invention from the opposed face side with a record medium, 

[Drawing 8] The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 8th of this invention from the opposed face side with a record medium, 

[Drawing 9] The sectional view which looked at the magnetic sensing element of the gestalt of operation 

of the 9th of this invention from the opposed face side with a record medium, 

[Drawing 10] The sectional view which looked at the magnetic sensing element of the gestalt of 

operation of the 10th of this invention from the opposed face side with a record medium, 

[Drawing 11] The top view which looked at Multilayers T, the 1st electrode layer 43, and the 2nd 

electrode layer 5 1 of the magnetic sensing element shown in drawing 3 from the illustration upper part 

of drawing 3 , 

[Drawing 12] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 13] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 14] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 15] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 16] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 17] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 18] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 
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[Drawing 19] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 20] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 21] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 22] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 23] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 24] 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 25] The graph which shows the relation between the value of said difference of Gls and Glc, 
and the effective width of recording track, 

[Drawing 26] The graph for explaining the full truck profile method, 

[Drawing 27] The sectional view which looked at the conventional magnetic sensing element from the 
opposed face side with a record medium, 
[Description of Notations] 

31 Lower Shielding Layer 

32 Lower Gap Layer 

33 Substrate Layer 

34 Antiferromagnetism Layer 

35 Fixed Magnetic Layer 

35a The 1st fixed magnetic layer 
35b Nonmagnetic interlay er 
35c The 2nd fixed magnetic layer 

36 Non-magnetic Material Layer 

37 Free Magnetic Layer 

37a The 2nd free magnetic layer 
37b Nonmagnetic interlay er 
37c The 1st free magnetic layer 

38 Protective Layer 

39 Bias Substrate Layer 

40 1st Hardware Bias Layer 

41 Interlay er 

42 2nd Hardware Bias Layer 

43 1st Electrode Layer 

44 Up Gap Layer 

45 Up Shielding Layer 

46 Protective Layer 

51 2nd Electrode Layer 
T,T1,T2 Multilayers 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 7] 
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[Drawing 9] 
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[Drawing 22] 
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[Drawing 25] 
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[Drawing 27] 
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